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ABSTRACT 


Producing  more  tree  seedlings  for  outplanting,  with  limited  nursery  space  and 
more  valuable  seed,  has  made  improved  sowing  equipment  necessary.  The 
Equipment  Development  Center  at  Missoula  (MEDC)  conducted  a  market  search  for 
available  seeders,  lab  tested  the  most  promising  machines,  and  field  tested 
one  machine  in  cooperation  with  nurserymen.  MEDC  also  monitored  developments 
with  biodegradable  seed  tape  for  tree  seedling  production.  Additional  field 
trials  will  be  conducted  with  the  0yjord  seeder;  the  Lotus  pneumatic  seeder 
will  be  tested  when  it  is  available;  and  future  developments  in  seeders  and 
tape  will  continue  to  be  monitored. 
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INTRODUCTION 


Forest  tree  nurseries  have  shown  con¬ 
siderable  interest  in  improved  sowing 
equipment.  A  1974  investigation  of 
equipment  needs  (Investigation  of 
Equipment  Needs  in  United  States 
Nurseries,  Project  Record  No.  7524 
2212,  Sept.  74)  by  the  Missoula  Equip¬ 
ment  Development  Center  (MEDC)  showed 
that  of  26  problem  areas  identified  by 
nurserymen,  sowing  was  assigned  number 
two  priority.  The  objective  of  this 
project  is  to  make  a  better  seeder 
available  to  forest  tree  nurserymen 
for  sowing  tree  seed  in  nursery  beds. 

First  we  analyzed  operational  features, 
and  performance  characteristics  of 
seeders  now  being  used  in  nurseries. 

Next,  we  conducted  a  literature  and 
market  search  to  identify  those  seeders 
with  potential  for  nursery  use.  The 
most  promising  seeders  were  lab  tested, 
and  those  with  acceptable  performemce 
were  field  tested. 


THE  PROBLEM 

Based  on  the  results  of  our  survey  and 
interviews  with  nurserymen,  we  learned 
that  a  seed  drill  must  be  accurate  over 
a  wide  range  of  sowing  densities  with 
many  species,  and  it  must  be  easy  to 
adjust  and  calibrate.  A  need  for 
accurate  and  easily  adjustable  depth 
control  was  often  mentioned,  however, 
no  standard  was  agreed  on  by  all. 

A  questionnaire  (appendix  A)  was  sent 
to  all  10  Forest  Service  nurseries 
requesting  information  on  the  major 
species  sown,  sowing  densities,  and 
sizes  of  average  and  minimum  seed  lots. 
Seven  nurseries  responded  and  from  the 
data  they  supplied  we  determined  the 
maximum,  minimum,  and  average  sowing 
rates  for  each  species  (table  1). 

These  seeding  rates  were  assumed  repre¬ 
sentative  of  most  U.S.  nurseries. 


Table  1. — Sowing  data  from  Forest  Service  nurseries 


Species 

Niomber  of  seeds  sown  per  linear 

foot  of  row 

Average 

Maximtim 

Minimum 

Ponderosa  pine 

42 

57 

20 

Lodgepole  pine 

55 

167 

28 

Engelmann  spruce 

60 

194 

31 

Douglas-f ir 

45 

98 

28 

Grand  fir 

137 

443 

57 

Western  larch 

77 

127 

40 

Hemlock 

Longleaf  pine 

40 

47 

30 

Shortleaf 

41 

43 

40 

Loblolly 

34 

40 

33 

Slash 

45 

46 

34 
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Although  seeding  rates  were  easily  deter¬ 
mined,  we  found  no  definite  requirements 
for  seeding  accuracy  in  either  density 
per  square  foot  or  spacing  between  seeds 
along  the  row.  After  considerable  dis¬ 
cussion  with  both  nurserymen  and 
researchers,  we  decided  that  ±10  percent 
variation  on  density  per  square  foot  and 
±30  percent  variation  on  spacing  between 
seeds  would  be  desirable.  Unfortunately, 
the  output  of  the  seeders  varied  so, 
that  a  more  complex  statistical  analysis 
was  required  and  we  were  unable  to 
evaluate  the  seeders  on  this  simple 
variation. 

The  accuracy  of  seed  placement  by  a 
seeder  is  critical,  but  its  mechanical 
characteristics,  such  as  ease  of  adjust¬ 
ment,  calibration,  cleaning,  repeat¬ 
ability,  seed  damage,  travel  speeds, 
and  variation  with  travel  speeds,  also 
are  very  important. 

Nurserymen  sow  many  small  seed  lots  and 
expect  to  sow  even  more  in  the  future. 
Because  seed  size  and  sowing  rates  often 
vary  between  seed  lots,  adjustment  and 
calibration  of  the  seeder  are  necessary. 

A  seeder  that  is  easy  to  adjust,  cali¬ 
brate,  and  clean  would  be  a  definite 
asset  when  seeding  small  lots.  A 
single  central  seed  hopper  that  feeds 
all  rows  would  also  be  an  advantage , 
especially  if  all  rows  start  and  stop 
seeding  simultaneously. 

Seed  damage  must  be  minimal.  True  firs 
are  most  susceptible  to  damage ,  but 
damage  must  be  considered  with  all 
species.  Crushing,  cutting,  or  rubbing 
in  the  seed  metering  mechanism  probably 
cause  most  damage. 

We  have  talked  about  seed  metering  and 
distribution.  The  next  step  in  the 
seeding  process  is  to  place  the  seed  on 
or  in  the  soil.  Unfortunately  there  is 
considerable  difference  in  the  way 
nurserymen  want  to  accomplish  this  task 
and  a  great  difference  in  conditions  at 
various  nurseries,  so  standardization 


was  rejected.  We  believe  the  seed 
placement  mechanism  of  the  seeder  could 
be  modified  to  satisfy  these  varied 
needs. 


Market  Search 

Information  was  gathered  on  numerous 
seeders  by  contacting  the  manufacturers 
and  individuals  listed  in  appendix  B. 

In  addition,  some  nurserymen  stated  in 
response  to  our  survey  of  nursery  prac¬ 
tices  and  equipment  needs  that  they  had 
custom-built  seeders.  We  evaluated  the 
information  gathered  to  determine  which 
seeders  might  have  some  potential  for 
nursery  use.  Some  were  eliminated 
because  of  slow  travel  speeds,  incor¬ 
rect  row  spacing,  complexity,  slow  sow¬ 
ing  rates,  sowing  inaccuracy,  adjust¬ 
ment  and  calibration  problems, 
inability  to  handle  different  seed 
sizes,  or  various  other  mechanical 
problems.  Unfortxinately  most  manu¬ 
facturers  did  not  have  any  experience 
with  tree  seeds,  or  with  any  seeds 
over  the  range  of  sowing  rates  required, 
which  limited  evaluation  and  made 
selection  of  a  seeder  somewhat 
subjective. 

Because  time  and  finances  were  limited, 
those  seeders  that  appeared  to  meet  the 
performance  requirements  cind  were  suit¬ 
able  or  could  be  easily  adapted  for 
nursery  use  were  selected  for  initial 
testing,  while  those  that  were  promising 
in  principle,  but  needed  extensive 
development,  were  not.  If  initial  test 
results  were  negative,  rejected  seeders 
would  be  reexamined.  A  new  development 
effort  to  design  and  build  a  prototype 
seeder  was  considered  to  be  a  last 
resort. 

Most  manufacturers  felt  that  the  market 
for  a  tree  seedling  nursery  seeder  was 
not  large  enough  to  them  to  justify  any 
large  development  program. 
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2a  atioiJlbiHO  ca  apnan&'l^lb  4  boa 

miJAAibiaboata  04  ftaalj^^trrt  aa«ctaa  ^ 


Biodegradable  Tape 

Trials  with  Douglas-fir  seeds  in  bio¬ 
degradable  tape  furnished  by  Union 
Carbide  Corp. ,  Creative  Agricultural 
Systems,  1328  Burton  Ave. ,  Salinas, 
Calif.  93901,  were  conducted  by  the 
Forest  Service  Wind  River  Nursery  at 
Carson,  Wash.,  and  these  trials  were 
monitored  (fig.  1).  This  system  may 
offer  more  accurate  seed  placement  at 
lower  seeding  rates.  Seed  must  be  sent 
to  Union  Carbide  Corp.  for  placement  in 


the  tape.  At  present,  it  is  not  possible 
to  stratify  the  seed  by  soaking  it  in 
water  before  placing  it  in  the  tape, 
since  the  tape  will  dissolve  before  it 
can  be  placed  in  the  ground.  Because 
of  these  factors  and  present  cost,  it 
does  not  appear  practical  for  all 
nurseries  to  use  seed  tape  now;  but 
spacing  and  depth  control  appear  to  be 
very  good.  Stuart  Slayton,  Wind  River 
nurseryman,  feels  that  the  system  has 
potential  and  that  development  should 
be  monitored. 


Figure  1. — Tape  seeder  in  operation. 
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TEST  AND  EVALUATION  PROCEDURE 


Seeders  were  selected  for  testing  using 
the  information  gathered  in  the  market 
search.  Seeders  were  evaluated  for 
overall  construction  of  the  machine, 
basic  metering  principle,  ease  of 
adjustments,  seed  capacity,  type  and 
versatility  of  the  seed  placement  unit, 
minimum  row  spacing,  and  ease  of  opera¬ 
tion  and  cleanout. 

Several  species  of  seeds  were  run 
through  each  iinit  to  determine  seed 
damage  at  various  settings  and  speeds. 
The  maximum  and  minimum  sowing  rates 
and  overall  sowing  accuracy  were  deter¬ 
mined  by  weighing  samples.  If  possible, 
these  two  steps  were  conducted  with  the 
seeder  stationary,  and  the  drive  wheel 
blocked  up  or  disengaged.  The  metering 
mechanism  was  activated  to  correspond 
to  a  selected  length  of  travel  over  a 
nursery  bed,  and  a  seed  sample  was 
collected . 

The  next  step  was  to  determine  seed 
distribution  and  accuracy  by  operating 


the  seeder  as  close  to  actual  field 
conditions  as  possible.  Because  there 
is  no  well  recognized,  standard  pro¬ 
cedure  for  testing  nursery  seeders, 
evaluation  of  the  data  and  correlation 
to  field  operation  were  difficult. 

Seeds  were  neither  sized  nor ' stratified 
so  any  not  collected  for  samples  could 
be  reused.  To  minimize  bounce  and  pro¬ 
vide  a  permanent  record,  seeds  were 
dropped  on  the  sticky  side  of  clear 
tape,  transparent  3M  no.  639  (fig.  2). 
The  tape  was  either  folded  over  or 
covered  with  Saran  Wrap  after  the  seeds 
were  in  place.  The  size  and  placement 
of  the  sampling  tape  were  dictated  by 
the  configuration  of  the  seeder. 

Another  important  factor  was  the 
necessity  of  keeping  the  amount  of  data 
collected  within  reason.  While  it  would 
have  been  possible  to  collect  data  on 
the  entire  output  of  each  seeder,  this 
would  have  created  a  formidable  data 
reduction  task.  Consequently,  only 
enough  of  the  output  of  each  seeder  was 
collected  to  allow  a  statistical  evalu¬ 
ation  (appendixes  C-G) . 


f.. 

Figure  2. — Seed  on  sticky  tape. 
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The  number  of  seeds  in  each  inch 
spacing ,  along  each  row  sample  on  the 
tape  was  counted.  The  average  number 
of  seeds  per  inch  and  per  foot  was 
determined,  as  well  as  the  variance 
and  standard  deviation  of  the  number 
of  seeds  in  each  inch  and  each  foot, 
and  the  80  percent  and  90  percent 
confidence  interval  for  the  average 
number  of  seeds  in  any  inch  or  foot. 


(parallel  to  the  axis  of  the  drum)  of 
48  holes^  one-quarter  inch  in  diameter 
and  at  one-inoh  spaoings  were  drilled 
at  80  degree  intervals  on  the  drum 's 
cuter  surface.  One-quarter  inch  diame¬ 
ter  steel  tubing^  projecting  one-half 
inch  inside  the  pipe,  was  soldered  into 
the  holes.  These  projections  were  used 
to  connect  the  orifices  to  internal 
manifolds  with  rubber  tubing  .... 


The  variance  is  the  mean  square  devia¬ 
tion  from  the  mean.  The  standard 
deviation  is  the  square  root  of  the 
variance.  A  confidence  interval  is 
perhaps  best  described  with  an  example: 
If  the  results  of  a  test  produce  some¬ 
thing  that  can  be  described  with  numbers 
and  we  say  that  the  90  percent  confi¬ 
dence  interval  is  25  ±  5,  we  mean  that 
90  times  out  of  100  the  experiment  will 
produce  a  result  no  smaller  than  20  and 
no  larger  than  30. 

The  seeder  that  appeared  most  promising 
after  laboratory  testing  was  field 
tested.  Two  other  seeders  that  were 
lab  tested  have  been  used  extensively 
for  nursery  seeding,  and  field  data  were 
available,  so  further  field  testing  was 
unnecessary. 


SEEDER  SELECTION 


Pne\jmatic  Seeder 


An  experimental  pneimatic  seeder  (fig. 

3)  constructed  at  the  University  of 
Idaho,  Moscow,  Idaho,  was  lab  tested  in 
cooperation  with  Professor  Walter  L. 

Moden  and  his  staff.  Although  this 
experimental  model  is  not  suitable  for 
field  use  in  production  nurseries,  it 
did  offer  the  opportunity  to  evaluate 
a  machine  using  the  vacuum  principle. 
Purchasing  and  operating  costs  were 
not  available.  The  seeder  can  best 
be  described  by^(^oting  from  a  University 
of  Idaho  report^  ' 

In  1987  the  design  and  construction  of  a 
pneumatic  seed  drum  was  begun.  A  stain¬ 
less  steel  pipe,  eight  inches  in  diame¬ 
ter,  was  used  for  the  drum.  Six  rows 


The  internal  manifolds  were  connected 
to  a  sequencing  valve,  constructed  of 
aluminum-backed  grccphite-impregnated 
Teflon  discs  located  at  each  end  of  the 
seed  drum  ....  The  sequencing  valves 


Figure  3. — Pneiamatic  seeder. 


y 

Moden,  Walter  L. ,  Jr.,  and  R.S.  Jacobson. 

Planter  for  nursery  seedbeds.  ASAE  VJinter 
Meeting,  American  Society  of  Agricultural 
Engineers,  Chicago,  Pap.  No.  73-1548.  Dec. 
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supply  vacuum  to  the  seed  orifices  for 
200  degrees  of  seed  drum  rotation  during 
which  time  an  orifice  row  enters  the 
seed  hopper^  attaches  the  seedsj  and 
carries  the  seeds  to  a  position  near  the 
bottom  of  the  drum. 

The  vacuum  is  then  cut  off^  allowing  the 
seeds  to  he  released  on  the  seedbed;  220 
degress  of  revolution  pressure  is 
applied  to  the  nozzles  to  clean  the 
orifices  of  foreign  material.  The  seed 
pick-up  orifices  were  installed  on  the 
drum  surface.  The  optimum  orifice 
diameter  was  determined  from  literature 
review  and  preliminary  tests  to  he  0.029 
inches. 

The  United  States  Forest  Service  pro¬ 
vided  a  two-year  matching  fund  grant  in 
1970  to  further  develop  the  seed  drum 
and  produce  a  field-operating  unit. 
Construction  of  this  field  machine  was 
started  in  July  1972.  Three  major  opera¬ 
ting  components  were  selected  for  incor¬ 
poration  into  the  machine.  They  were  a 
soil- compacting  roller ^  the  seed  drumj 
and  a  seed  pressing  roller.  A  sand 
distribution  device  was  not  included  as 
this  operation  could  be  accomplished 
faster  and  more  economically  by  existing 
methods. 

Hydraulic  power  was  chosen  as  the  field 
unit’s  main  source  of  power.  This  type 
of  power  was  chosen  for  several  reasons. 
First 3  a  slow  ground  velocity  and  a 
variable  ground  speed  was  required  to 
match  the  ground  speed  to  the  seed 
spacing.  Also^  the  increase  or  decrease 
of  the  ground  velocity  and  changes  in 
seed  drum  speed  for  different  species 
and  densities  required  the  rotation  of 
the  seed  drum  to  be  variably  controlled. 
In  addition^  hydraulic  power  was  selected 
to  raise  and  lower  the  two  compacting 
rollers  and  the  seed  drum.  Hydraulic 
steering  was  selected  to  simplify  what 
would  otherwise  have  been  a  complicated 
mechanical  steering  device.  The  unit 
has  a  122-inch  frame  length  and  a  101- 
inch  wheel  base.  The  width  at  wheel 
centers  is  68  inches  and  the  height  of 
the  frame  is  26  inches  above  ground 


level.  A  27  horsepower  industrial  gaso¬ 
line  engine  supplies  the  power  to  a 
hydraulic  pump  that  is  rated  at  28  gpm 
at  1200  rpm  and  2^000  psi.  This  engine 
also  powers  a  dry  air  41  cfm  vacuum 
pump  that  delivers  a  maximum  of  22 
inches  of  vacuum. 

The  control  console  and  the  operator’s 
seat  is  located  at  the  rear  of  the 
machine.  The  operator  has  complete 
vision  of  the  seed  drum  from  this  posi¬ 
tion^  and  with  minimum  effort  he  is  able 
to  operate  all  hydraulic  control  valves. 
The  seed  hopper  can  be  cleaned  with  a 
quick  clean-out  system.  By  switching 
control  valves  on  the  vacuum  system^  a 
Vacuum  hose  can  be  used  to  remove  the 
seed  from  the  seed  hopper.  The  seed  is 
then  recovered  in  a  household  vacuum 
cleaner  bag. 

All  exposed  rotational  parts  of  the 
machine  are  sh-Celded  for  maximum  opera¬ 
tor  protection. 

Limited  testing  of  the  machine  by  MEDC 
revealed  little  chance  for  seed  damage. 
Six  rows  of  seeds  on  4-inch  centers 
were  dropped.  The  test  area  dictated 
that  30- foot  runs  were  made.  One-foot 
long  sections  of  each  row  were  sampled 
at  10,  20,  and  30  feet  from  the  start¬ 
ing  point.  Seeds  not  collected  on  the 
tape  were  dropped  on  cheesecloth  to 
aid  retrieval  and  to  allow  visual  exam¬ 
ination  of  the  vinsampled  portion.  Seed 
drop  is  very  short  with  this  machine ,  so 
bounce  was  not  a  problem. 

Travel  speed  was  limited  since  seeding 
rate  was  determined  by  the  ratio  of 
drum-rotation-speed  to  ground-speed; 
rapid  drum  rotation  resulted  in  misses; 
and  it  was  impossible  to  duplicate  drum 
and  ground  speed  between  runs.  Appen¬ 
dix  C  gives  data  collected  and  the 
results  of  the  computer  analysis.  Test¬ 
ing  was  limited  by  time  and  funding,  so 
it  was  not  possible  to  test  many  combi¬ 
nations  of  vacuum  and  drum  speed.  Nor 
was  it  possible  to  change  orifice  size 
when  testing  different  species. 
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Lotus  Seeder 


Limited  information  from  the  New  Zealand 
Forest  Service  on  the  pneumatic  Lotus 
seeder,  made  in  New  Zealand  by  Lotus 
Enterprises,  was  favorable.  A  single 
row  prototype  has  been  built,  but  we 
were  not  able  to  obtain  a  machine  for 
testing.  No  other  information  on  this 
machine  was  available.  We  hope  to 
evaluate  it  later. 

Stanhay  Seeder 

The  Stanhay  seeder  (figs.  4  and  5)  con¬ 
sists  of  individual  units  for  each  row 
mounted  on  a  common  frame.  Each  ijnit 
has  a  rubber  belt  with  holes  so  the 
seeds  fall  through  and  are  metered  out 
onto  the  ground.  This  belt  is  powered 
by  a  ground-driven  wheel  through  a  gear 
system  of  chains  and  sprockets.  The 
seeding  rate  can  be  adjusted  by  sprocket 
changes,  belts  with  different  hole  sizes 
and  spacing,  and  different  plates  under 
the  belt.  The  machine  is  made  in  Great 


Figure  5. — Stanhay  seeder  test  stand. 


Figure  4. — Stanhay  seeder. 
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Britain,  costs  $4,000  to  $5,000  for  the 
Mark  II  model  tested,  amd  according  to 
Weyerhaeuser  nurser;/men,  yearly  mainte¬ 
nance  is  about  $800,  since  many  of  the 
rubber  belts,  drive  wheels,  and  other 
parts  have  a  shorter  life.  Considereible 
experience  is  required  to  select  the 
proper  belt/plate  combination  and  gear¬ 
ing  to  give  the  desired  seeding  rates, 
and  this  information  was  not  availadjle 
from  the  distributor.  Weyerhaeuser  had 
the  information  for  their  operation,  but 
each  user  would  have  to  develop  his  own. 
Starting  to  test  this  seeder  without 
previous  experience  would  be  a  formidable 
task.  Fortunately,  Weyerhaeuser  Company 
had  used  this  seeder  for  a  few  years, 
and  Gene  Schmidt,  Jim  Bryan,  and  Jim 
Nelson  of  Weyerhaeuser  offered  to  let  us 
use  their  seeder  and  calibration  stand¬ 
ards  for  the  tests  and  gave  us  the  bene¬ 
fit  of  their  experience,  which  helped  us 
to  select  belt/plate  combination  and 
sprocket  combinations. 

Our  testing  and  Weyerhaeuser  experience 
indicates  that  the  seeder  damages  true 
fir  seed,  but  handles  Douglas-fir,  pine, 
and  other  species  with  little  damage. 

The  sampling  technique  used  with  this 
seeder  was  similar  to  that  used  with  the 
pne\3matic  seeder.  Thirty-foot  long  runs 
were  made  with  two  row  seeders  operating, 
and  1-foot  long  samples  in  each  row  were 
tciken  with  tape  at  10,  20,  and  30  feet 
from  the  starting  point.  The  results 
of  the  computer  analysis  are  shown  in 
appendix  D. 

Gearing  cind  belt/base  selections  were 
on  the  basis  of  test  stand  data  previ¬ 
ously  developed  by  Weyerhaeuser  and 


their  field  sowing  experience.  Seeding 
rates  are  also  affected  by  travel  speeds; 
faster  travel  gives  lower  seeding  rates. 
Field  seeding  rates  sometimes  vary 
greatly  from  test  rates. 

The  machine  is  well  constructed,  and 
with  the  exception  of  the  rubber  parts, 
should  not  give  maintenance  problems. 
Weyerhaeuser  segregates  its  seed  into 
three  sizes,  which  improves  sowing 
accuracy  somewhat.  Skilled  operators, 
who  have  considerable  calibration  data 
available,  are  needed  to  get  the  best 
performance  from  the  machine.  Small 
changes  in  seeding  rates  can  be  accom¬ 
plished  by  sprocket  chcinges ,  but  larger 
changes  often  require  different  belt/ 
plate  combinations.  Since  one  lanit  is 
required  for  each  row,  major  changes 
are  time  consuming.  Weyerhaeuser  has 
two  sets  of  units  so  all  \jnits  can  be 
quickly  changed  in  the  field,  and  the 
more  time-consuming  belt/plate  changes 
can  be  done  without  interrupting  the 
seeding  operation.  Each  unit  must  be 
monitored  while  seeding.  Since  each 
seed  hopper  is  separate,  it  is  diffi¬ 
cult  to  divide  the  seed  to  run  out 
simultaneously.  Clecinout  of  unused 
seed  is  time  consigning.  The  seeding 
rates  for  each  unit  are  slightly  differ¬ 
ent.  Each  unit  rides  individually  on 
leading  and  following  press  wheels.  A 
metal  shoe  opens  a  trench,  seed  is 
dropped  into  the  trench,  and  a  small 
metoLL  drag  covers  the  seed  with  soil. 

In  general  the  machine  can  be  made  to 
perform  satisfactorily,  but  it  is  more 
complicated  to  use  than  desiraible  and 
skilled  operators  are  needed. 
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wind  River  Seeder 

The  Wind  River  seeder  is  widely  used, 
so  it  was  tested  as  a  reference.  There 
is  no  "standard"  coiranercially  available 
Wind  River  seeder.  Most  nurseries  have 
made  some  changes  in  the  basic  design. 
The  particular  luiit  tested  (fig.  6)  is 
located  at  the  Forest  Service  Lucky 
Peak  Nursery  near  Boise,  Idaho.  The 
nursery  personnel  cooperated  in  our  lab 
tests. 

A  central  hopper  feeds  all  the  metering 
devices  (one  device  is  required  for 
each  row).  These  are  short  cylinders, 
cup-shaped  on  both  ends,  with  shallow 
flutes  in  the  cups.  When  the  cups 
rotate,  the  flutes  meter  seed  out  of 
the  hopper  into  the  drop  tubes.  The 
cups  are  deeper  on  one  end  of  the 
cylinder  than  the  other  for  different 
seed  sizes.  The  cups  are  driven  by  a 
ground-driven  wheel  through  a  gearing 
system  (fig.  7).  The  ratios  are  shown 
in  figure  8.  This  infoirmation  applies 
only  to  this  particular  seeder  or  one 
with  identical  gearing.  Leading  and 


following  press  wheels  with  flanges  form 
narrow  grooves  in  the  bed,  the  seed  is 
deposited  in  the  grooves  between  the 
wheels  and  pressed  into  the  soil  by  the 
following  wheel.  The  beds  are  covered 
with  a  layer  of  sand  in  a  separate 
ope ration. 

Testing  and  previous  field  data  indi¬ 
cate  that  seed  damage  is  minimal  with 
this  seeder. 

This  seeder  is  calibrated  by  blocking 
the  unit  up,  turning  the  drive  wheel  one 
turn,  and  counting  the  seed  from  one  row. 
Since  the  circimiference  of  the  wheel  is 
known,  the  seeds  per  linear  foot  can  be 
calculated.  Because  each  unit  feeds  at 
a  slightly  different  rate,  an  average 
row  is  selected.  One  row  was  continu¬ 
ously  sampled  on  tape,  and  results  of 
the  computer  analysis  are  shown  in 
appendix  E.  It  was  soon  apparent  that 
one  turn  did  not  give  reliable  calibra¬ 
tion  results.  Although  the  seeding 
rates  over  a  10-foot  length  were  repeat- 
able,  the  amount  of  seed  deposited  in 
any  one  foot  could  vary  considerably. 


Figure  6. — Wind  River  seeder  used  in  our  lab  tests. 
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Figure  7. — Wind  River  seeder  gearing  system. 


-10- 


pntuMi%  itit—m  M^i^***^  mifytt 
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Ratios 

of  Seed 

Cup  Revolutions  per  Packing  Wheel  Revolution 

Notch 

Gear  1 

Gear  2 

Gear  3 

Gear  4 

Snail 

Medium 

Large 

Small 

Medium 

Large 

SmaTI^ 

Medium 

Large 

Small 

Medium 

Large 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

sprocket 

1 

.089 

.143 

.214 

.098 

.159 

.238 

.191 

.306 

.459 

.267 

.428 

.642 

2 

.107 

.171 

.257 

.119 

.191 

.286 

.229 

.367 

.551 

.321 

.514 

.771 

3 

.125 

.200 

.300 

.139 

.222 

.333 

.268 

.429 

.643 

.375 

.600 

.900 

4 

.143 

.229 

.343 

.159 

.254 

.381 

.306 

.490 

.735 

.429 

■  .686 

1.029 

5 

.161 

.257 

.386 

.179 

.286 

.429 

.345 

.551 

.827 

.483 

.772 

1.158 

6 

.179 

.286 

.429 

.199 

.318 

.477 

.384 

.613 

.919 

.537 

.858 

1.287 

7 

.196 

.314 

.471 

.218 

.349 

.523 

.420 

.673 

1.010 

.588 

.942 

1 .413 

8 

.214 

.343 

.514 

.238 

.381 

.571 

.459 

.733 

1.100 

.642 

1.028 

1.542 

9 

.232 

.371 

.557 

.258 

.413 

.619 

.497 

.796 

1 .194 

.696 

1.114 

1.671 

10 

.250 

.400 

.600 

.278 

.444 

.666 

.536 

.857 

1 .286 

.750 

1 .200 

1 .800 

Figure  8. — Wind  River  seeder  ratios. 


The  machine  is  well  built  and  mainte¬ 
nance  free.  A  wide  selection  of  gear 
ratios  are  available  and  changes  are 
easy  to  make.  The  major  problem  appears 
to  be  calibration.  Because  the  seeding 
rate  varies,  a  large  sample  is  required 
to  get  reliable  calibration.  All  the 
metering  cups  are  fed  from  a  common 
hopper,  but  all  rows  do  not  run  out 
simultaneously.  This  and  calibration 
problems  are  especially  troublesome  with 
small  seed  lots.  Seeding  rates  do  not 
vary  appreciably  with  travel  speeds, 
and  the  central  hopper  simplified  moni¬ 
toring  problems.  Cleanout  of  unused 
seed  is  time  consuming  and  is  best 
accomplished  with  a  vacuum  cleaner. 

Dahlman  Seeder 

A  single  row  seeder  manufactured  by 
Dahlman,  Inc.  (figs.  9  and  10) ,  was 
available  for  testing.  Preliminary 
data  indicated  that  the  seeder  was  not 
sufficiently  accurate  for  nursery  use 
with  the  available  belts,  so  no  formal 
drop  tests  were  conducted. 

One  unit  is  required  for  each  row,  and 
multiple  units  can  be  mounted  on  tool 
bars.  The  metering  unit  consists  of  a 
narrow  cog  belt  with  notches  cut  in  the 
backing  rubber  running  vertically  up 
through  a  seed  hopper,  over  the  top 
drive  sprocket,  and  back  down  over  a 
lower  idler  sprocket.  The  seeds  are 
picked  up  by  the  notches  as  they  move 
up  through  the  hopper,  and  are  held  in 


Figure  9. — Dahlman  single  row  seeder 


Figure  10. — Dahlman  single  row  seeder. 
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place  by  a  housing  until  they  are  at 
the  bottom  of  the  lower  idler  sprocket. 
The  belt  is  ground  driven  by  following 
packing  wheels  through  a  system  of 
sprockets  and  chains.  Five  different 
sprockets  can  be  used  on  the  driven 
sprocket,  and  four  different  sprockets 
can  be  used  on  the  driving  sprocket  for 
a  total  of  20  different  gearing  combi¬ 
nations.  Different  size  notches  can 
be  cut  in  the  backing  rubber,  but  only 
two  belts  were  available  with  the  test 
unit.  One  belt  had  notches  that 
appeared  to  be  about  the  correct  size 
for  ponderosa  pine. 

Several  problems  were  evident.  With 
slash,  lodgepole,  and  ponderosa  pine, 
the  available  belts  would  not  deliver 
enough  seed  even  at  the  highest  gear 
ratio.  The  driving  wheel  covers  40.5 
inches  per  revolution,  which  gave  13 
notches  of  belt  advance.  The  test  unit 
was  not  operated  in  a  nursery  bed,  but 
the  amount  of  torque  required  to  turn 
the  drive  wheel  would  require  consider¬ 
able  down  pressure,  which  could  give 
excessive  penetration  in  a  soft  seed¬ 
bed.  Slippage  of  the  drive  wheel  would 
be  a  source  of  inaccuracy.  Changing 


drive  sprockets  was  cumbersome  and  time 
consuming.  Mounting  the  individual 
seeding  units  was  awkward,  and  it  was 
difficult  to  align  the  drive  coupling. 
It  was  also  difficult  to  clean  any 
excess  seed  from  the  hopper.  Pitch 
buildup  was  a  problem  with  grand  fir 
seeds.  The  fact  that  individual  seed¬ 
ing  units  are  required  for  each  row 
multiplies  all  the  problems  by  the 
number  of  rows  per  bed.  Excessive  seed 
damage  was  evident  with  the  species 
tested.  There  was  visual  evidence  of 
crushing  and  cutting  individual  seeds. 
For  these  reasons,  testing  was 
terminated. 


Ventura  Seeder 

The  Ventura  seeder,  manufactured  by 
Ventura  Mfg.  Implement  Co. ,  1265 
Commercial  Ave. ,  Oxnard,  Calif.  93030, 
is  a  single  row  prototype  (fig.  11) 
with  a  metering  system  consisting  of  a 
slow  moving  belt  that  carries  a  carpet 
of  seeds  out  of  the  bottom  of  a  trough 
and  under  a  transverse-mounted,  adjust¬ 
able  metering  gate.  The  seeds  drop  on 
a  faster  moving  belt  and  then  through  a 


Figure  11. — Ventura  seeder. 
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drop  tube.  The  belts  are  powered  by  a 
ground  wheel  through  an  adjustable  drive 
unit.  Since  the  prototype  was  intended 
only  to  allow  testing  of  the  metering 
principle,  it  was  not  possible  to  evalu¬ 
ate  the  construction  and  operating 
characteristics  of  the  machine.  Seed 
damage  did  not  appear  to  be  a  problem. 
MEDC  lab  tested  only  the  metering 
system  of  this  seeder.  Cost  information 
for  a  complete  seeder  is  not  available. 

When  initially  tested,  mechanical  prob¬ 
lems  with  the  drive  system  prevented 
any  evaluation  of  potential  accuracy. 

The  manufacturer  corrected  these,  and 
we  conducted  additional  tests.  The  out¬ 
put  from  the  seed  metering  mechanism  was 
continuously  sampled  on  10-foot  lengths 
of  tape,  and  results  of  the  computer 
analysis  are  shown  in  appendix  F. 

0yjord  Seeder 

Cargill,  Inc.,  at  Fort  Collins,  Colo., 
has  used  the  0yjord  seeder  (fig.  12) , 
formerly  manufactured  in  Norway,  with 
good  success.  This  seeder  is  now  made 


by  F.  Walter  &  H.  Winterstieger  KG, 

4910  RIED/INNKREIS,  Postfach  124, 
Austria.  We  purchased  a  tractor- 
mounted  plot  drill  seeder  with  attach¬ 
ments  for  seeding  six,  seven,  or  eight 
rows;  a  large  volume  feeder,  a  fluted 
feeder;  a  small  volume  funnel;  and  a 
Lein  funnel. 

The  machine  is  well  designed  and  con¬ 
structed,  and  is  quite  versatile.  The 
metering  principle  is  unique  and  simple 
A  simplified  drawing  of  the  machine  is 
shown  in  figure  13.  The  Lein  funnel  or 
small  funnel  is  used  for  seeding  short 
plots.  The  ground-driven  feeder  is 
adjusted  to  make  one  revolution  in  any 
desired  distance  between  15  and  53  feet 
The  amount  of  seed  necessary  for  the 
desired  plot  length  is  placed  in  the 
funnel,  and  the  funnel  is  tripped  to 
dump  the  seeds  into  the  feeder  at  the 
beginning  of  the  plot.  The  feeder  then 
distributes  the  seeds  along  the  plot 
through  a  spinner  and  divider  head  that 
apportions  the  seeds  between  rows  as 
the  machine  moves  over  the  ground. 
Calibration  and  adjustment  are  easy. 


Figure  12. — Oyjord  seeder. 
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Figure  13. — '0yjord  seeder,  schematic. 
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since  the  seeds  can  be  measured  or 
weighed,  and  the  ratio  of  distance 
traveled-per-feeder  revolution  is 
easily  adjustable.  For  continuous  seed¬ 
ing,  the  funnel  is  removed  and  a  large 
volume  hopper  is  installed  to  meter 
seed  into  the  feeder.  This  feeding 
rate  is  adjustable,  as  is  the  ratio  of 
feeder  rotation-to-ground  travel.  Con¬ 
tinuous  seeding  is  easily  calibrated  by 
measuring  or  weighing  the  amount  of 
seeds  dispensed  when  the  feeder  is  hand 
cranked  through  one  revolution,  and 
comparing  this  to  the  travel  distcince 
for  one  feeder  revolution. 

The  seeder  was  lab  tested  by  sampling 
continuous  10-foot  lengths  of  two  rows 
on  transparent  tape ,  and  results  of  the 
computer  analysis  are  shown  in  appendix 

G.  Attachments  are  available  for  seed¬ 
ing  2  through  14  rows  with  a  minimum 
row  spacing  of  about  4  inches.  Six-, 
seven-,  and  eight- row  attachments  were 
obtained  with  this  machine. 

Adjustment  and  calibration  are  easily 
and  quickly  done,  and  are  reasonably 
precise  and  repeatable.  Seeding  rates 
do  not  vary  with  ground  speed. 

Seeds  are  carried  from  the  metering 
mechanism  to  the  ground  by  drop  tubes. 
Two  coulters,  carried  on  a  framework 
between  the  leading  and  following 
packing  wheel,  open  a  small  trench  for 
the  seeds.  This  depth  is  easily 
adjusted  by  elevation  screws. 

The  0yjord  seeder  was  field  tested  at 
the  Forest  Service  Lucky  Peak  Nursery 
in  November  1975.  The  unit  seeded 
several  small  lots  of  ponderosa  pine 
and  several  beds  from  a  large  lot. 

Also  77  small  lots  of  shrubs  and  forbs 
were  planted. 

The  machine  is  quite  versatile,  and 
easy  to  adjust  and  calibrate  for  either 
short  or  long  lots.  Evaluation  of  the 
machine  by  Freink  Morby  And  Stephen 
Monsen  from  the  Lucky  Peak  Nursery  near 
Boise,  Idadio,  is  included  in  appendix 

H.  Lucky  Peak  Nursery  will  determine 
the  stocking  levels  in  the  ponderosa 
pine  beds  using  the  0yjord  seeder  to 
compare  with  control  beds  sown  at  the 


same  time  with  their  Wind  River  seeder. 
They  will  keep  us  informed  of  results. 

This  appears  to  be  the  most  promising 
of  the  seeders  tested.  The  new  manu¬ 
facturer  hasn’t  supplied  purchasing 
costs  yet,  but  it  appears  to  be  cibout 
$3,500  FOB,  Austria. 


RESULTS  AND  DISCUSSION 

Comparing  sowing  accuracy  of  seeders 
was  difficult  because  they  were  tested 
with  different  species  at  various  seed¬ 
ing  rates.  Our  analysis  showed  that 
the  square  root  qf  the  variance  (the 
stcindard  deviation)  of  the  seeding  rate 
was  proportional  to  the  mean  seeding 
rate.  This  allowed  us  to  adjust  the 
data  in  such  a  way  that  all  the  seeders 
could  be  compared  at  standard  seed 
application  rates,  regardless  of  the 
rates  used  in  the  tests  (tables  2  and  3) . 
Data  for  each  seeder  has  been  stream¬ 
lined  for  these  tables;  complete  data 
are  available  in  appendixes  C-G.  A 
summary  of  characteristics  of  the  three 
operational  seeders  is  shown  in  table  4. 
The  remaining  units  are  not  considered 
operational  and  are  therefore  not 
included  in  the  table. 


CONCLUSIONS 

None  of  the  seeders  tested  gave  the  ±10 
percent  variation  in  density  per  square 
foot  desired,  but  this  may  be  misleading 
since  there  is  no  standard  method  of 
testing  or  evaluation.  It  is  doubtful 
that  any  of  the  seeders  tested  could  be 
improved  to  achieve  this  level  of 
accuracy.  Of  the  seeders  tested,  the 
0yjord  is  the  most  accurate,  and  the 
easiest  to  adjust  and  calibrate, 
especially  for  small  seed  lots. 
Mechemical  and  operational  character¬ 
istics  and  accuracy  potential  of  the 
unit  appear  to  be  good  but  additional 
field  testing  should  be  done  to  confirm 
this.  The  Lotus  seeder  from  New  Zealamd 
may  have  some  potential,  based  on  infor¬ 
mation  received  to  date.  Improvements 
in  seed  tape  may  make  that  a  usable  tool 
for  some  applications. 
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Table  2. — Seeds  sown  per  foot  by  seeders  tested 


Rate 

seeds 
sown /ft 

Variance 

Standzurd 

deviation 

90%  Confidence  level 

80%  Confidence  level 

Seeds/ft 

Seeds 

planted 

Seeds/ft 

Seeds 

pleuited 

lower  limit 

upper  limit 

lower  limit 

upper  limit 

PNEUMATIC  £ 

)EEDER 

20 

24.5 

5 

5.4 

25.4 

10.6 

29.4 

42 

51.5 

7.2 

21.0 

63.0 

28.4 

55.6 

57 

69.9 

8.4 

32.5 

81.5 

41.2 

72.8 

0YJORD  SEE 

:der 

20 

21.4 

4.6 

12.1 

27.9 

13.9 

26. 1 

42 

44.8 

6.7 

30.4 

53.6 

33.1 

50.9 

57 

60.9 

7.8 

43.5 

70.5 

48.1 

65.9 

VENTURA  SI 

:eder 

20 

19.0 

4.4 

11.7 

28.3 

13.8 

26.2 

42 

41.6 

6.4 

29.9 

54.1 

32.9 

51.1 

57 

56.4 

7.5 

42.8 

71.2 

46.4 

67.6 

STANHAY  SI 

SEDER 

20 

23 

4.8 

8.7 

31.3 

12.1 

27.9 

42 

48.2 

6.9 

25.8 

58.2 

30.7 

53.3 

57 

65.4 

8.1 

37.9 

76.1 

43.7 

70.3 

WIND  RIVER 

SEEDER 

20 

23 

4.8 

11.1 

28.9 

13.3 

26.7 

42 

48.3 

6.9 

29.2 

54.8 

32.4 

51.6 

57 

65.5 

8.1 

41.9 

72.1 

45.7 

68.3 

-16- 


I 


^*4 


f  ij^>#£'**^«f  •iiJ^flr 


“  ~bi^  T 
!£?',ilL.  L  *^'*  g^''**  * 


i.« 

P,0? 

e.w 


tsl 

i£j  fjaaii: 


t.«s 

ii-je 

a.cT 


4,01 
I  $t 


f.f  j 

l,r.£ 

1,8» 


ffaO  40€ 

W  t 


^  ^  ^>■l  <««ja 

Joo>j  *  *  *'•<■ 

nWmSA  iTkMSUH 


4  Si 

«.ii 


4.8 
a.  U 
5. St 


ft!SJi3Ss  Jfloytti 
«.''k  f.ti 


8 

s.r 


iXf 

e.cT 


4.0C 

e,f* 


8.» 

r.8 

a.r 


•taf 

!  «(>9«a 


«sa*i  X4(%' 


*  aaa  Aflt7»3v 

1.4S 

E.a^ 

r.u 

*.4 

8.8X 

1.18 

«».u 

i.aa 

o.as 

4.4 

8.44 

i.M 

C.IV 

... 

a.t 

4.48 

A3a::i,s& 

151 

i.U 

r.i 

i.4 

r  ._fi 

'  .01 

8. as 

t.a 

&.04 

t  c»t 

^  .u 

i 

1.8 

4.48 

1 

1 

■“  ■% 

1  nwu  oim 

t.at 

1  l.fi 

(f  .us 

1. 41 

•rt 

CS 

?.ia 

4.S£ 

< 

a.  48 

l.«s 

<.8 

c.a» 

c.oa 

•..» 

.  i.sr 

1 . . . . . J 

i.t 

e.8d 

os 


ra 


os. 


X 


*♦*« 


-at- 


Table  3.  —  Seeds  sov/n  per  10  feet  by  seeders  tested 


Rate  seeds 
sown/10  ft 

Standard 
deviation/ 
10  ft 

90%  Confidence  level 

80%  Confidence  level 

Seeds/10  ft 

Seeds 

planted 

Seeds/10  ft 

Seeds 

pl^ulted 

lower  limit 

upper  limit 

lower  limit 

upper  limit 

PNEUMAl 

'IC  SEEDER 

200 

5.0 

153.8 

246.2 

170.2 

229.8 

420 

7.2 

353.5 

486.5 

377.1 

462.9 

570 

8.4 

492.4 

647.6 

519.9 

620.1 

0YJORr 

)  SEEDER 

200 

4.6 

174.9 

225.1 

180.  7 

219.3 

420 

6.7 

383.5 

456.5 

391.9 

448.1 

570 

7.8 

527.5 

612.5 

537.3 

602.7 

VENTUI 

^  SEEDER 

200 

4.4 

173.6 

226.4 

180.3 

219.7 

420 

6.4 

381.6 

458.4 

391.4 

448.6 

570 

7.5 

525.1 

614.9 

536.4 

603.6 

STANHJ 

Vi  SEEDER 

-  200 

4.8 

164.3 

235.7 

175.1 

224.9 

420 

6.9 

368.7 

471.3 

384.3 

455.7 

570 

8.1 

509.7 

630.3 

528 

612 

WIND  RI^ 

i/ER  SEEDER 

200 

4.8 

171.8 

228.2 

178.8 

221.2 

420 

6.9 

379.4 

460.6 

389.5 

450.5 

570 

8.1 

522.4 

617.6 

534.2 

605.8 
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Table  4.  —  Siommary  of  operational  seeder  characteristics 


0yjord 

Stanhay 

Wind  River 

Ease  of  adjustment 

Excellent 

Poor 

Fair 

Range  of  adjustment 

Adequate 

Adequate 

Adequate 

Ease  of  calibration 

Excellent 

Poor 

Fair 

Clean-out 

Excellent 

Poor 

Fair 

Seed  damage 

Low 

Moderate 

Low 

Range  of  travel  speeds 

Adequate 

Limited 

Adequate 

Variation  with  speed 

Low 

High 

Low 

No.  of  hoppers 

One 

One/row 

One  with  one 
pocket  per  row 

Depth  control 

Good 

Good 

Good 

Seed  covering 

Good 

Good 

Good 

Construction 

Good 

Good 

Good 

-18- 


■  'll _  _  t  ipm^ 

-  .,-  3riiH*aiC3  —a  y 


tJ«^ 

■•0  !  I9C>1 

r*o  )t> 

^U'l 

m 

VwU 

»*«•« 

d 

t'*  <  J 

4MI 

•flaiM-i*  IwViU  iO  'GKUUl^ 

«o^ 

■  «r  rt 

MhJ 

it^iw  noiiAinVj 

■'q 

KlO 

io  .a*/ 

•jc  -  txx^i  ;tnJiw>  HKjhOv,-: 

r«>JO 

' 

uc^  aoii  rai-^  ^oaO  <  ,  | 


•mo 


RECOMMENDATIONS 


1.  Conduct  additional  field  test  on  0yjord  seeder  for  field  sowing 
accuracy  and  reliability  and  ease  of  operation. 

2.  Obtain  Lotus  seeder  for  tests. 

3.  Monitor  developments  of  seed  tape. 

4.  Continue  to  monitor  any  new  developments  in  sowing  equipment. 
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Sowing  Density  Requirements 
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RETURN  TO-  FOREST  SERVICE  EQUIPMENT  DEVELOPMENT  CENTER 
BUILDING  NO.  I,  FORT  MISSOULA 

MISSOULA,  MONTANA  39801  (8  -74) 
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appendix  b 

MARKET  SEARCH  a  REFERENCES 


MANUFACTURERS 


Dr.  A.  Bergman 
The  National  Board  of 
Private  Forestry 
Pack  S.  16210 
Vallingby,  Sweden 

Lustram  Seeder 
P.  D.  Wainscott 
901  Roberts  Rd. 

Lincoln,  Nebr.  68502 

Engineering  Research  Service 
Central  Experiment  Farm 
Canada  Dept,  of  Agriculture 
Ottawa,  Ontario,  Canada 

J.  G.  Futral 

Georgia  Experiment  Station 
Experiment,  Ga.  30212 

B.  F.  Vance 

Forest  Service  Surrey  Nursery 
18800  32nd  Ave. 

Surrey,  B.  C. 

V35  4N8 

Ventura  Manufacturing  &  Implement  Co. 
1265  Commercial  Ave. 

P.O.  Box  1069 
Oxnard,  Calif.  93030 

B.S.P.  Wang,  Forestry  Officer 
Tree  Seed  Centre 

Petawawa  Forest  Experiment  Station 

Canadian  Forestry  Service 

Chalk  River,  Ontario,  Canada  KOJ  IJO 

Assoc.  Prof.  Milam  Simak 
The  Royal  College  of  Forestry 
Dept,  of  Reforestation 
Box  S-104  05 
Stockholm  50,  Sweden 

Dr.  A.  G.  Gordon,  Seed  Officer 

Forestry  Commission 

Forest  Research  Station 

Alice  Holt  Lodge 

Wrecclesham 

Farnham 

Surrey 

England 

Mr.  Chris  Wade 
Lotus  Enterprises  Ltd. 

P.O.  Box  332 
Kaikohe,  North  Auckland 
New  Zealand 

Mr.  G.  W.  Hedderwick 
Forest  Research  Institute 
Private  Bag  -  Rotorud 
New  Zealand 

Prof.  Walter  L.  Moden,  Jr. 
Agricultural  Engineering  Dept. 
University  of  Idaho 
Moscow,  Idaho  83843 


Information  Office 

Great  Lakes  Forest  Research  Centre 

P.O.  Box  490 

Sault  Ste.  Marie,  Ontario 
Canada  P6A  5M7 

Oyjord  Seeder 

Jens  A.  Schou  Mek.  Verksted  A/S 
Postboks  68 
1441  Drdbak 
Norway  -  Norwegen 

Kincaid  Equipment  Manufacturing  Corp. 
P.O.  Box  471 
Haven,  Kan.  67543 

Union  Carbide  Corp. 

Creative  Agricultural  Systems 
Salina,  Calif. 

International  Harvester  Co. 

401  No.  Michigan  Ave. 

Chicago,  Ill.'  60611 

Agricultural  Research  Service 
Oregon  Agricultural  Experiment  Stati 
Corvallis,  Oreg.  97330 

White  Farm  Equipment  Co. 

2625  Butterfield  Rd. 

Oak  Brook,  Ill.  60521 

Mater  Machine  Works,  Inc. 

520  W.  First  St. 

Corvallis  Oreg.  97330 

Dahlmann  Inc. 

540  Broadway  South 
P.O.  Box  504 
Braham,  Minn.  55006 

R.  A.  Whitfield  Manufacturing  Co. 

6411  Gordon  Rd. 

Mableton,  Ga.  30059 

Marvin  Landplane  Co. 

P.O.  Box  209 
Woodland,  Calif. 

Winslow  Pacific  Inc. 

6100  Avenida  Encinas 
Carlsbad,  Calif.  92008 


Independent  Distributors,  Inc. 

(Stanhay ) 

2355  N.W.  Quimby 
P.O.  Box  10124 
Portland,  Oreg.  97210 

H.  Barner 

Danish/FAO  Forest  Tree  Seed  Centre 
DK-3050 

Humleback,  Denmark 

Junction  Bit  &  Tool  Co.,  Inc. 

(out  of  business) 

715  4th  Ave. 

Grand  Junction,  Colo. 


Grain  and  Seed  Drills 
American  Products,  Inc. 

Box  337 

Spearville,  Kan.  67876 

Deere  and  Company 
John  Deere  Road 
Moline,  Ill.  61265 

J.  F.  Farm  Machinery  Ltd. 

Thames  Road  East 
Box  760 

Exeter,  Ontario,  Canada 

Morris  F.  Kirk  &  Sons,  Inc. 

Sub.  N.  L.  Industries,  Inc. 

Metal  Division 

111  Broadway 

New  York,  N.Y.  10006 

Massey-Ferguson ,  Inc. 

1901  Bell  Ave. 

Des  Moines,  Iowa  50315 

McConnel  Mfg.  Co.,  Inc. 

Connell  Avenue 
Prattsburg,  N.Y.  14873 

Harris  Rod-Weeder  Co.  Ltd. 

15  York  Road 
Yorkton,  Sask.,  Canada 

J.  F.  Farm  Machinery  Limited 
Box  760 

Eveter,  Ontario,  NOM  ISO 
Canada 

FMC  Corp. 

Agricultural  Machinery  Division 
Western  Operations 
1115  Coleman  Ave.,  Box  145 
San  Jose,  Calif.  95103 

Noble  Cultivators  Ltd. 

Nobleford 
Alberta,  Canada 

Bril  lion  Iron  Works 
00  Park  Avenue 
Brillion,  Wise.  54110 

Modified  John  Deere  6  row  planter 
C.  J.  de  Mooy 
Colorado  State  University 
Water  Management  Research  Project 
Engineering  Research  Center 
Fort  Collins,  Colo.  80523 

Australian  Dept,  of  Agriculture 
Forestry  and  Timber  Bureau 
Banks  Street,  Yarralumla,  A.C.T. 
Australia 

Gill  Manufacturing  Co. 

P.O.  Box  15214 
Charlotte,  N.C.  28210 

Jens  A.  Schou  MEK.  UERKSTED  A/S 

MASKINFABRIKK 

POST  BOKS  68 

1441  DROBAK 

NORWAY  NORWEGEN 


REFERENCES 


ASAE  Paper  No.  67-126  . 

A  Precision  Planter  Using  Vacuum  For  Seed  Pickup 

by  G.  R.  Giannini,  W.  J.  Chancellor  and  R.  E.  Garrett 
Agricultural  Engineering  Departntent 
University  of  Cali>fornia 
Davis,  Calif. 

ASAE  Paper  No.  67-124  ,  m 

Seed  Tape  System  For  Precision  Selection  and  Planting  or 

Small  Vegetable  Seeds 

by  William  J.  Chancellor, 

Agricultural  Engineering  Dept. 

University  of  California 
Davis,  Calif. 


ASAE  Paper  No.  68-644 

The  Development  of  A  Planetary-Vacuum  Seed  Metering  Device 
by  Ted  H.  Short,  Graduate  Research  Associate 

and 

Samuel  G.  Huber, 

Professor,  Agricultural  Engineering  Dept. 

Ohio  State  University 

Ohio  Agricultural  Research  and  Development  Center 
Columbus,  Ohio 
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appendix  c 

PNEUMATIC  SEEDER  DATA  AND  ANALYSIS 


Pneumatic  Seeder  Test  Results 


TKOT  NUMOKR 

VACUUM 

•  PKCIKS 

MPH 

1- 

//  /V  Hg 

TCST  NUMOKR 

VACUUM 

•PKCiCS 

1  1 MPH  1 

/F/T  UcK 

ll</^  1 

SEEDS  PER  INCH  SEEDS  PER  INCH 


AVKRAOK 

/.  ‘'Cut 

/  j- S';''/  _ 

AVKRAOK 

.Lc>lc.i7 

VARIANCK 

VAR  lANCK 

7^5.3 

•TO.  DKV. 

•TO,  DKV. 

.7‘/6V'<57 

3  •  Set  7^ 

/Lf-XiOdl.  .NO,  OF  SEBDS  M  FCRCKNT  OF  THK  TIMK 

.NO,  OF  .90  PKrCCNT  of  THC  TIMS 

II 


ROW 

1 

2 

*  3 

4 

5 

6 

AVERAGE 

)■  8 

/■  i-CU  7 

/,  7J333 

U33i3 

l-T 

VARIANCE 

l.cmt 

■  877  7/3 

■2113/ 

STD.  DEV. 

■  “irtcu 

•  9  3777r 

SEEDS  PER  FOOT 


y  ^  3^^  -3  */J  MQ,  OF  •■KOS 

_NO.  OF  SKKOa 


/  AC. 7‘^2‘j 


.M  PKRCCNT  OF  THK  TIMK 


_M  PKRCCNT  OF  THK  TIMK 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

2.6C(:i  7 

3,  S'ijj  3 

<^•03?.? 

V.  7i//rd  7 

j 

7.  / 

VARIANCE 

3.  !7/f.<r 

/f.  7777 

<753  ^ 

/'/■3  J  V 

777.^/37? 

STD.  DEV. 

7-  “7 Van/ 

i,i‘7SA<r 

3-7  3i/7/r. 

SEEDS  PER  FOOT 


/S^.5‘/7S  ,NO.  OF  8CCOS  /  b'SJ.r  .N  PKRCCNT  OF  THK  TIMK 

Z_H±^±lL  J40.  OF  SCCDS  _90  PKRCCNT  OF  TMC  TIMK 


AVKRAOC 

7 A.  A 


VARIANCK 


•TO.  OCV. 


TKST  NUMBKR 

f|Qkcui»M 

'//  /AtBtgSN; 

•  PKCICS 

MPH 

Pon  dtuti^  Pi  he. 

./J- 

TCST  NUMSKR 

VACUUM 

SPKCICS 

MPH  1 

5 

/Vf  71  /■’  •  ^ 

'/^  1 

SEEDS  PER  INCH  SEEDS  PER  INCH 


AVKRAOK 

-3^  7 

8.  iUiT' 

VAR  lANCK 

VARIANCK 

.>7A76^i/ 

iS.L'^3i> 

•TO.  DKV. 

•TO.  DKV. 

■ii'iSO/ 

lAkW..- 

NO,  OF  SCKOS  /  r.  ,M  PKRCCNT  OF  THK  TIMK 

.NO,  OF  aCKOS  PKRCCNT  OF  THK  TIMK 


ROW 

1 

2 

■  3 

4 

5 

6 

AVERAGE 

■iUU7 

■  ‘/CU{7 

'  3" 

.  5V^^i4  7 

■  X 

VARIANCE 

■  r7V'7/3 

■nrsp 

■  ■/cafA 

.3A7Sgi, 

,  3  7X76/ 

STD.  DEV. 

.  7  ntn 

■CAii/ 

■  P7217I 

■  .5'7j3.r/ 

.//88V/r 

SEEDS  PER  FOOT 

AVKRAOK 

VARIANCK 

//■  f  A  3  ^ 

•  TO.  DKV. 

3.  7,‘)‘7C7 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

‘7.iU67 

3.  <573.7? 

/■  7' 

VARIANCE 

n.nis 

9.  J 78/6 

8.  M2  J 

16.717/ 

<r.!it,  "s'- 

STD.  DEV. 

7.HLI31 

7..tls.‘7l 

?.ih'7:‘A 

SEEDS  PER  FOOT 


_NO.  OF  SCCDS  nc.u3i±-  .so  PCRCCNT  OF  THK  TIMK 
MO.  OF  SCCDS  y  ^  an  PCRCCNT  -F  THK  TIMK 


J40,  OF  SCKOK  .00  PKRCCNT  OF  THK  TIMK 

/ A  OR  SKKO,  /  M  RKRCKNT  OF  THK  TIMK 


AVKRAaK 


ikMil. 


•TO.  DKV. 

IA.16KS 


TCST  NUMBKR 

VACUUM 

•PKOICS 

MPH 

TKST  NUMSKR 

VACUUM 

species 

MPH 

3 

// w 

tJhC 

\ 

(o 

7,  Mf 

//  /a(\A 

'■ 

SEEDS  PER  INCH  SEEDS  PER  INCH 


AVKRAOK 

2  .  V  ^<7 <7!/ 

3.63  2X1 

VAR  lANCK 

VARIANCK 

l.tiX/g 

«.  33  926 

•TO.  OKV. 

7-6  3X36 

•TT>.  OCV. 

i-iXllA 

NO,  OF  SCCDS  .M  PCRCCNT  OF  THC  TIMK 

^i._2uSL.  .NO,  OF  SCCDS  .90  PCRCCNT  OF  THC  TIMC 


ROW 

, 

2 

'  3  . 

4 

5 

6 

AVERAGE 

a .83333 

3. ‘3333 

2i..r 

A.g 

3..36667 

2  .  ‘73333 

VARIANCE 

’  1631T1 

/■iiS/T 

•  8/  /»3yi" 

/,  A 

•  26o9A 

STD.  DEV. 

■  Wild 

/.  38807 

•  ioa/9A 

/.  6  7r<3" 

.  1'7  7gS7 

i./avjj 

SEEDS  PER  FOOT 


Z-F^iJi^-NO.  OF  aKKO,  /  3d  ‘7/ A")  .to  FKRCKNT  OF  THK  TIMK 
/^/i.  ‘)17A  OF  aKKO,  FKRCKNT  OF  THK  TIMK 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

s.  icui 

3.7CU7 

A.'iccn 

^.9 

<■  /33i3 

VARIANCE 

7.7fl57r 

IS..13C71 

L.-i7&/L 

1.05-263 

STD.  DEV. 

3.//?V3r 

a.  396.57 

7.  52  5  f 

3-6  5‘o7/ 

3.,  C82.? 

SEEDS  PER  FOOT 


.NO,  OF  SCCDS  90  PCRCCNT  OF  THC  TIMC 

Mrt  OF  SCKOa  /  (a/o  /  — ftfl  PCRCCNT  OF  THC  TIMC 


AVKRAOC 


VAR  lANCK 


•TO.  DKV, 


AVCRAOK 


VAR  lANCC 


•TO.  DKV. 

H.f,7ig 
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Pneumatic  Seeder  Test  Results 


TBST  NUMSBA 

VACUUM 

II"'"  1 

TBST  MUMSBH 

VACUUM 

/ 

//•/ 

f-i  f 

_ 

_ 

//a  /(/ 

6  ^  J  S  /; 

,  />' 

SEEDS  PES  INCH 


SEEDS  PER  INCH 


avbaa«b 

AVBHA«B 

a.se  335 

VAA  IAMCB 

VAN  IAMCB 

|.4fl7S</ 

[  BTD.  OBV. 

■TO.  OBV. 

/ 

,Z.ii2£Ji2Z. 


„HO,  OF  •■■OS  M  •■nCINT  or  TH^  TiM^ 

,NO.  or  •■■oa  ^  UfO!  .M  ranciNT  or  TMr  tim^ 


ROW 

1 

2 

’  3 

4 

s 

0 

AVERAGE 

j.n 

n.i 

r-  7 

j^ir 

VARIANCE 

•:  oLHl 

>■^^11 

i.'^oniL 

y-iii-ii 

//•  7jyji 

STD.  DEV. 

is^y/s 

3. 

SEEDS  PER  FOOT 


AVBJiAOr 

IL’L 


IVAMIAMCC 


•TO.  oav. 

id  ir.  j 


..MO.  or  •  ..o.  ^'jLjLUI.  M  rancBNT  or  tmb  timb 
-o  or  ...o.  y^senj 


rBMCBMT  or  tmb  timb 


ROW 

1 

z 

‘  3 

4 

5 

6 

AVERAGE 

i-.n 

;!.7 

a,  jT 

a.  6<;4tV 

?.''333  5 

VARIANCE 

11^9 

/.yv/32 

/.  3' 

/.  3  7I??S" 

/.  ■ 

ri^y 

STD.  DEV. 

i2±j^ 

/.  ?./V7V 

/.  «a  -/■/ 

!.niic9 

SEEDS  PER  FOOT 


AVBHABB 

i/ 


VABIAMCB 

>  7 


•TO.  OBV. 

iLi2m_ 


.j<o.  or  ■■■os  .M  PBnCBNT  or  TMB  TIMB 

l^'l^  HO.  or  ■BBU«  /  N  —  PBHCBHT  or  TMB  TIMB 


TB»T  MUMBBA 

VACUUM 

•ABCiBi 

1 1“'“  1 

rear  mumsbh 

VACUUM 

■ABCIBS 

MAM 

/V 

j  A  t- 

_ ibkj 

II 

^  L  Tit  k 

V _ 

SEEDS  PER  IHCH 


SEEDS  PER  INCH 


1 AVBAAMB 

ViLi  ll  ItUii, 

AVBAACB 

.  ivvyyy' 

VAA  IAMCB 

>-i.i‘i'n 

VAN  IAMCB 

.3-/yr 

•TO.  OBV. 

•TO.  OBV. 

■  73  g  ?;> _ 

.HO.  or  •■•os  Z.''dLLLL.  _«e  PBMCBNT  or  TMB  TIMB 
\  C/  ^  ■/ —  PBACBNT  Or  TMB  TIMB 


ROW 

1 

2 

'  J 

4 

S 

« 

AVERAGE 

J  ■  J 

li'JHJ 

/.y 

/. 

;3-uin 

i-7LU7 

VARIANCE 

■ 

.li/379 

!■  miL-i 

>.9i.0U 

STD,  DEV, 

!■  111^1 

LCi'tiiS 

t.’rdf.lt 

SEEDS  PER  FOOT 


AVBHAOB 


VAA  IAmCB 

tr<  W/ 


•TO.  OBV. 

ILLMI. 


/  IZ.Yll.C  or  •■•••  jm  pbacbmt  or  thb  timb 

ZJ  or  •BBOS  pbacbmt  or  tmb  timb 


ROW 

1 

2 

'  3 

4 

5 

0 

AVERAGE 

.1 

•  8 

.  f 

.7 

■  7 

.  %  1  t.k.  i 

VARIANCE 

•  nnH 

.•yy/i'/? 

,litr.-/ 

STD.  DEV, 

LiOiil. 

SEEDS  PER  FOOT 


AVCMAOB 

10- 


VAA  IAMCB 


•TO,  OBV. 

V  Vf 


^o.  or  •BBOS  4^  / •  V  ^  ^  M  abncbht  or  tmb  timb 
HO,  or  •BBOS  ZJ 7 


.M  ABACBHT  or  TMB  TIMB 


TB»T  MUMBBA 

VACUUM 

•PC^lli 

MOM 

/Jr 

Qcuyd'.  Fi  t- - 

.ys 

IAVBAAOB 

L. 


VAA  IAMCB 


•TO.  OBV« 


ROW 

1 

2 

'  3 

4 

8 

e 

AVERAGE 

/,  a 

.  ^ 

.li 

VARIANCE 

•  rr’y?/ 

.(.iil/y. 

.trlill 

MmL. 

STD,  DEV. 

.liLCi 

i  P2i/i  - 

■  liLiL- 

(ECDS  PER  FOOT 


A  IAMCB 


TO.  OBV. 


^ '  V  ^  < 

^  /y  _ MO.  or  • 


/  /  ^.  _M  PBACBMT  or  TMB  TIMB 

y  -M  PBACBMT  or  TMB  TIMB 


TBOT  MUMBBA 

VACUUM 

•abcibB 

MAM 

_ is! _ 

.// 

SEEDS  PER  IHCH 


INCH 

AVBAAAB 

/  7 

iLiJ 

_ _  /  M  AAACBMT  or  TMB  TIMB 

VAA  IAMCB 

•TO.  OBV. 

■  MT  or  TMB  TIMB 


NO.  or  ■BBoa  .m  •bhcbh 

/-[•  C  (f  or  •BBOS  Z  /  _■—  •BACBNT  OF  THB  TIMB 


ROW 

1 

2 

'  3 

4 

8 

8 

AVERAGE 

t  'tiu.  7 

/  f. 

7.1.3.73 

7,'/.3.1?J 

VARIANCE 

ll.-ILU'l 

ifj.iio'j 

'I.ZLHil 

/.i  1777 

/r/ns 

STD.  DEV, 

‘/.a  7767 

7  7/:--.y 

V,  3^Vz7/ 

SEEDS  PER  FOOT 


AVBAAMB 


IVAA  IAMCB 

y/Z  //V 


•TO.  OBV. 

'LUL. 


Z  __MP,  or  •BBOS  -/  M  PBACBMT  OT  TMB  TIMB 

ZJ^UZLiL^O.  or  •  BBOS  jm  ABACBMT  or  TMB  TIMB 


-23- 


-A 


• — — iiuiwri  I — n  r 


n  rsnKsrvn 


Jtx. 


■wsiorji - sasrirxanKsi 


CTiCZ^IXSLrTJlCm 

MLW 

••  '•  *..■!* it  V 


[— 1  ^  1  * 

« 

% 

» 

tfMk' 

•T" 

■  Lli  f 

•  ^ 

r 

»%UJL  BM 

1^1**  * 

.yw  JT'^ 
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rocf 

V  «  ^itUJUr 

^  y  mk 

xjy  i 

r  *2^ 

- 
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Pneumatic  Seeder  Test  Results 


TEST  NUMBER 

VACUUM 

MPH 

13 

_ f  ''f!'/ 7/.-  _ 

.5J 

TEST  NUMSER 

VACUUM 

MPH 

IL 

'/-S,r  ,^r 

L£E. - ^/AJfr 

*  -r 

SEEDS  PER  INCH  SEEDS  PER  INCH 


AVERAOE 

AVERAOE 

'78  7  53 

VARIANCE 

VARIANCE 

‘Z.  <r 

STD.  DEV. 

•TO.  OEV. 

J./7777 

or  mrmoo  Z.  9  «,  m.c.nt  of  tmc  tim< 

- HO.  OF  •■EOF  ^7-  _ HI  F««C«NT  OF  TM«  TIMI 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

3. 

3  8 

/^333  7 

/■3 

l-S 

VARIANCE 

7/.  y.><57 

I  67<8.r 

8.  ■i03‘/S- 

5;7<iY.;  7 

'7.  V8>3yr 

STD.  DEV. 

^■?S/S7 

3-3<f^r 

A.i33?,‘/ 

SEEDS  PER  FOOT 


ZJ-AlSJd.  ^O.  OF  •BKOS  /  V/./^V7  .to  FSRCKNT  OF  THK  TIMK 
Zr-j.-  liiai  MOo  OF  •CKOS  _M  FKRCKNT  OF  THE  TIME 


ROW 

2 

'  3 

4 

5 

6 

AVERAGE 

^5-333  3 

3(:Ui.7 

3,744^.7 

V  V 

V.  ^  '  ■' 

7.  'T 

VARIANCE 

3. 

?,  V7/a/. 

1 -in  i-/ 

373  7/ 

V.  3  3  y-/? 

STD.  DEV. 

!■  fyry 

7  9,i*53 

).i9:97 

3. 

3.3  -t:..  ■ 

SEEDS  PER  FOOT 


/Ho-  &y?.3  -NO.  OF  SCEDS  _i0  PERCENT  OF  THE  TIME 

- NO.  OF  SEED*  ^  .^'AX  ««  PERCENT  OF  THE  TIME 


AVERAOE 


VARIANCE 

iTU^ 


j^jnL 


AVERAOE 


11 


VARIANCE 


5LaL 


•TO.  OEV. 

7^7^9- 


TEST  NUMSER 

VACUUM 

SPECIES 

1  1 

TEST  NUMBER 

VACUUM 

MPH 

*  j'  * 

£//«/■?“  if/JF 

JLziJ 

■  /? 

- hdfeMf _ P/-n3e. _ 

SEEDS  PER  INCH  SEEDS  PER  INCH 


AVERAOE 

AVERAOE 

3nzi-n 

A  73- 

VARIANCE 

VARIANCE 

y-  ,2  6  /  T  AP  ss«ns  /  sssnsMT  af  ymr  tims 

;!./v3gi- 

•TO.  OEV. 

!■  

•TD.  OEV. 

>■‘^(.‘3^9 

3  ,NO,  OF  SEEDS  an  PERCENT  OF  THE  TIME 

NO«  OF  SEEDS  CS  SS^ _ 90  PERCENT  OF  THE  TIME 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

A.l 

a- 83331 

a- s 

5.  '7333? 

•?.  V 

73.333 

VARIANCE 

/. 

/■798SS 

3.9931 

il8iSl 

/.  7<J3yr 

5-/3333 

STD.  DEV. 

!■  39393 

/■  39/3-1 

/.  93>06L 

1-33135 

l■3^9^^ 

)-9i0S9 

SEEDS  PER  FOOT 


/  Mft.  OF  SEEDS  ■/  -  SO  PERCENT  OF  THE  TIMS 

.MO.  OF  SEEDS  .M  PERCENT  OF  THE  TIME 


ROW 

1 

2 

3 

4 

5 

6 

AVERAGE 

7.9. 

7.^3333 

/r 

/-7C8t>7 

/.  7 

7  73333 

VARIANCE 

/ 

1-^93/ 

.3,  .a/7  TV 

/  .197/3 

/.  78,/?  j-/ 

STD.  DEV. 

Ll9'988 

1-35/98. 

'■137  is 

i-l99j>l 

>■33.179 

I.3  3l3<r 

SEEDS  PER  FOOT 


/13.  oj-r  •MO.  OF  SEEDS  .aO  PERCENT  OF  THE  TIME 

_NO.  OF  SEEDS  ^  2iC‘  VV  aa  PERCENT  OF  THE  TIME 


AVSRAOE 


VAR  lANCE 


•TO.  OEV. 

S. 


averaoe 


•TO.  DEV. 

£2±i^ 


TEST  NUMBER 

VACUUM 

SPECIES 

MPH 

IS 

TBBT  NUMBER 

VACUUM 

SPECIES  ^/T 

MPH 

/S 

-6*  "V 

_ (SshaJcI  P/f _ 

./S 

SEEDS  PER  INCH  SEEDS  PER  INCH 


AVERAOE 

.  99ii999 

AVERAOE 

7.99999 

VARIANCE 

l-i79i 

MA.  AF  -PPAP  /  ^i'5^  ^  M  PERCENT  OF  THE  TIME 

VARIANCE 

.L9i9n 

•TO.  OEV. 

•TO.  OEV. 

.7g8  3  3^ 

Z-a3379j- 

.NO.  OF  SEEDS  ZJAISn±.  ,S0  PERCENT  OF  THE  TIMS 
NO.  OF  SEEDS  /  n  PERCENT  OF  THE  TIME 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

1-03333 

.ikun 

7.3 

'  7.  / 

•  s 

,  9iUil 

VARIANCE 

.19/999 

.  8e  5791 

3 .  /vgag 

/.  i/33‘1 

.  9  93/63 

1-3  93(8 

STD.  DEV. 

■  9899/8 

■89UI-I 

1.  9857 

7.  i.  ig99 

■  99i£9(> 

J-'S9/1 

SEEDS  PER  FOOT 


y  7.  orn  OF  SSBOS  /  /^  •  ^2  sa  PERCSNT  OF  THE  TIMS 

/ir«  OF  SESOS  - N»  PERCENT  OF  THE  TIME 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

/.  (3333 

7.7iUl 

/.  7C.(87 

1-73331 

!-  UU  ? 

7.  9 

V/kRIANCE 

-19032, 

-97818/ 

.$97/ 3.6, 

-59  US  7 

,  69  $969. 

-  73/6.19 

STD,  DEV, 

■.'i^03i6 

.  8  9/993. 

- 13988 

■  773g5V 

.8337/58 

-8S5008. 

SEEDS  PER  FOOT 
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_ NO.  OF  SEEDS  /  an  PERCENT  OF  THE  TIMS 


AVERAOS 


VARIANCE 


STD.  DEV. 

i-8^S9S 


AVER AOS 
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*7.?aio?.r 


•TO.  OEV. 
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d 
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ki 


“4-  •  “ 


Pneumatic  Seeder  Test  Results 


MO,  or  •Ktoa  //■>yj,5  9  „ 

PKnCKNT  or  THB  TIMK 
.NO,  or  ■■COB  Z.  I  '^sgsi,  .00  PKMCKNT  or  THB  TIMK 


■*^'8^332, 

VAR  lANCC 

■ 

■TO.  OCV. 

■.8-93^J-3 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

■  5 

■  S-33333 

.5-13J33 

■  MiCi? 

.  .V 

VARIANCE 

394  S9A 

■  ?.T7i7/ 

STD.  DEV, 

■S07i/i 

•  <0 

■SSiiSl 

SEEDS  PER  FOOT 


ZJ-JLLAll.  .NO.  or  •■■o«  /  8.  dsns'  00  PCRCCNT  or  THK  TIMK 
8  7o.r  _No.  or  •■■o«  /  g.  7J-9r  RKRCCNT  or  THK  TIMK 


AVKRAQK 


•TO.  OKV. 

I 


TK«T  NUMBCR 

VACUUM 

■RKClCa  ^4 

X 

K 

z 

^0 

A  -/ 

.'V  /  w 

./y 

SEEDS  PER  INCH 


AVKRAOK 

A  /^/// 


VAR  lANCK 


[•TV.  DKV. 

■  7ni25- 


NO.  or  •CKOS  RKRCCNT  or  THK  TIMK 

^.t  lists.  NO.  or  •KKoa  ■/  rkrcknt  or  thk  timk 


ROW 

1 

2 

'  3 

4 

5 

6 

AVERAGE 

A  96^^  7 

//4t67 

/»3333 

/  ^7 

VARIANCE 

.9Sg7(56 

■  StiiS! 

.  S9/95-/ 

.5IU9$. 

.‘-/O/tl 

STD.  DEV. 

•  9'y307 

■  niiSi 

.9999.53 

■JUlUr 

.^3?6  M 

SEEDS  PER  FOOT 


.NO.  or  •KKO«  Z./Lli<2Z.  .00  rkrcknt  or  thk  timk 
Z./g'  .  •NO.  or  •KKDS  /LIliMJLL.  .00  RKRCKNT  OR  THK  TIMK 


AVKRAOK 

'3.9333 


•TO.  OKV. 

/.  8^  95-^ 


TKCT  MUMBKR 

VACUUM 

■RKClKa  ^  ^ 

MRM 

_ 

-  V 

SEEDS  PER  INCH 

/-.3W5-37  NO.  or  ■KKoa  ^30V3  .00  RKRCKNT  OR  THK  TIMK 

NO.  or  aKKoa  Z.'-_LL£A^  .00  RKRCKNT  or  THK  TIMK 


AVKRAOK 

..39VVVV 


VAR  lANCK 

■3»93-7g 


m.  OKV. 


ROW 

1 

2 

*  3 

4 

5 

6 

AVERAGE 

.‘7ULL1 

■  wiiU? 

.V 

■333353 

■533333 

.  7 

VARIANCE 

.V^V.36S 

.5«^»07 

.AttiS! 

■  a9ggi7 

.XioS'i 

STD.  DEV. 

■  htiliis.. 

Si  (,1.1s. 

sans 

■  ^96122. 

SEEDS  PER  FOOT 


or  acKoa  -/  7-  3^^/  00  rkrcknt  or  tmk  timk 
/  /•  _NQ-  or  acKoa  ^  rkrcknt  or  TMK  TIMK 


V- 7  3333. 


VAR  lAHCK 

‘j.r.LUl 


■TO.  OKV. 


-25- 


It# 


I  *  lit  ' ^  t 


•  — .,  lo> 


'<  » 

i- 


(Zjcr 


•nsf) 

4UU 


fe»4« 


t-  MUM  ••  4mJLX^  --5 


•  1  • 

-r-T-r- 

1 

• 

«0f 

i.  ^ 

*«1«A  ■  1  t* 

bi/-  A  .•.uui 

■ii-.rf] 

jjaoAi 

...tyilti- 

.W9  jnt 

TtMMtm 


^  ^  ^  -aoiiv-i 


jL-Hazu. 


& 

I  • 

( 

‘  1IL2 

•m 

y, 

It  A^VL 

lutlR. 

.  JkTA.  I 

i:.A^tL . 

Id  1*4^- J  <;  L*^  L 

L  *  -  t.* 

.«M  .m* 

■»  *>  '  N  MM 


•-*  « 


.\a:ruA> 

JLUU_V^ 


APPENDIX  D 


STANHAY  SEEDER  DATA  AND  ANALYSIS 


TK»T  NUMBSn 


•  KTTINOa-  -  aUNCM 

-  HOI.K 

P OKAMIN4 


aRCCica 

MRH 

Seeds  per  inch 


SEEDS  PER  F<X)T 


AVCHAGC 


vr,  : 


VARIANCC 


/  wo.  or  ^*rcbht  or  tm«  tim« 

^JLr  -ACS  ^  RO.  or  ...D.  , 


i  rCRCKNT  or  THC  TiMK 


•ro.  ocv. 


JJ. 


.  aCKOa  4TH  FT 


JU- 


•  CCDS  CTH  FT 


Stanhay  Seeder  Test  Results 


TKST  numbkr 

J~£ 


•CTTINOa- 


AO  RONCH 
MOCK 
OKAMiNO 


.  OAOB 

. CHOKC 


aRCCIBB 

MRH 

SEEDS  PER  INCH 


AVBRAOB 

7-27  777 

/  ^333  /  no.  or  accoa  /_  rcrccnt  of  thc  ximc 

AVCRAOC 

7.  79 /(  7 

VARIANCC 

3.72.979 

l'AJ>>X7  /no.  or  eeaoe  Z^’.£2^3Xy>  rcrccnx  or  xhc  ximb 

VAR  lANCB 

If.PSJS 

axo.  OBV. 

1.7/13  7 

/Ux=-  S  /J /  W  =■  J 

axo.  ocv. 

Y.S/l  73 

seeds  per  foot 


avsragc 

7/7  5' 


VARiANCK 

X3S 


*it  7/ YY^ y  MQ.  or  aKcos^  rsRCBNT  or  thb  timb 

■l2£Z^Zj*o.  OF  aKBOS  ^  aKRCCNT  OF  TMB  TIM* 

<l7.ff7S/  HO,  or  aBBoa  rbrcknt  or  thb  timb 

NO.  or  Z-  7/ /  an  RCRCBMT  Or  TMB  TIMB 


aro,  DBv. 

/  jr 


tax  rx  IA7  aBBoa 
tNO  rx  -Hi  aBEoa  4XH  rx  HZ  acBPs 


D  rr  il7  accoa  sxm  rx  _ 

«XK  FT  ^ 


Tsax  NUMBCR 

acxxiNaa-  A  ^  runch  /  rarc 

aRCcica 

MRH 

TCaT  NUMBCR 

aCXTINOa-  RUNCH  ^  BABC 

BRCCICa 

“ff  HO«_B  P  CHOKC 

^7^  nCARlNO 

S/^aA 

13£ 

3  7 

-  HOCB  CHOKC 

Z  OCARINO 

1.30 

seeds  per  inch 


seeds  per  inch 


AVCRAOC 

3.  lie  (  7 

AVBRAOB 

jP.  iS/i 

VARIANCC 

3  1 33/3 

.  yy//A/  /no  or  aCBOa  /  ZZZ3f^  RCRCCNX  or  XHB  XIMC 

VARIANCC 

IS,2S29 

axo.  OCV. 

/■32/3J 

tl^x  -  /  /7r  2  3.  <3 

axo.  ocv. 

3.t77S7 

/It 7  - 


7t.- 


Si-Si/s  r  7-ho.  OF  accoa  Z.  PCRCCNX  or  XHC  XIMC 

MZ2M7.  /«o.  or  accoa  ^  17,7  yJ to  rcrccnt  or  xhc  ximc 


seeds  per  foot 


seeds  per  foot 


AVCRAOC 

/  NO  AR  accoa  /  to  RCRCCNX  or  xhc  ximb 

AVCRAOC 

>32.  3JJ 

VARIAMCB 

VARIANCC 

S7.2((7 

axo.  OBV. 

lax  rx  A 3  accoa 
tNO  rx  jJ-  accoa 

•■A  RT  accoa  axM  ft 

RXM  rx  accoa  tTM  FT  , 

axo.  ocv. 
7SSY3S 

Z  MO.  or  accoa  /  gp  rcrccnx  or  thc  timb 

il7,  7PZ Z  ho.  or  »mmn»Z  IYZ>  7Z RCRCBNT  Or  THB  TIMB 

lax  FT  I A  0  accoa  9ro  rx  aBCoa  >tm  ft  J  -73 

tNO  FT  13f  aBBoa  CTH  rx  17-  /  aaaoa  txM  ft 


TBax  NUMBBR 

Ai 


aaTTiNoaF*  _  runch  r  aAaa 

5Z  hOUB  -  £ ,,  CHOKC 

V  Y  OCARINO 


BRCCIca 

MRN 

p/rfti/rm  .ptMFi' 

JL 

XCax  NUMOBR 


arrxiNoa-  runch  — 3  babc 

HO(.C  -  7^  CHOKC 

J2A.  OCARINO 


aRBCica 

V.'r  ‘v  .■  ^ 


i/y 


seeds  per  inch 


SEEDS  PER  INCH 


AVBRAOC 

/££77f 


VAR  lANCC 


axo.  oBv. 


SEEDS  PER  FOOT 


AVCRAOC 

)73.J3J 


VARIANCC 

3^1}.  7  £7 


axo.  ocv. 

Ji,  7Y/3 


•YfS'y  ✓wo.  OF  ■■an,  7  70.0  7  M  PSRCENT  OF  TMB  TIMB 

^*2,777 ,  /pn  OF  SBBDB  Z.  RBRCBNT  OF  TMB  TIMB 

■  7  7  /7f  W  =  O 

121.  £71/  MO.  OF  ■■■n,  /  PBRCBMT  OF  TMB  TIMB 

1S.79YJ  /  MO  OF  •miB*  £./3M12.K  PBRCBMT  of  TMB  TIMB 

IBT  PT  13  0  BBBOB  WO  FT  ul—  aCBoa  tXN  rx  HR. 

IMO  FT  />  3  .„o,  n^M  FT  /-»_2-  •••■>•  "" 


AVBRAOB 

5.  733 


VARIANCC 

I3S3C 


axo.  OBV. 

it  A 


SEEDS  PER  FOOT 


CSrZ667 


VARIANCC 

77.C667 


axo.  OBV. 

S.77r7£ 


l,2iJ/7, 

NO.  or  acBoa  /  O’.  YYAJ^  RCRCCNT  or  XHC  XIMB 
'  /  no.  OF  BBBOB  /  H'  77//  *0  PBRCBNT  OP  TMB  TIMB 

M4/  '  /£  7 

S7.Yi7J/  NO.  or  accoa  /  ZtfJJ  ao  rcrccnt  or  thc  timc 

NO.  or  accoa  RCRCCNT  or  THC  XIMC 

."Y  <  - 

(  '  Arms  «TM  RT  ’  ' 


lax  rx  accoa  »RO  rx  . 

tNO  rx  accoa  «XH  ft  f\ 


accoa  STH  rr  . 

accoa  «XH  ft  0  / 


Tcax  NUMacR 


XINOa-  RONCH 

HOI.S 

_  O  CAR I NO 


BRCCICa 

MRN 

fir,,  y/ Mr* 

.fs 

xsax  NUMOBR 

X‘1  /) 


acTXiNoa-  7  O  runch 
H01.B 

^^OBARINI 


^  BAaC 
-  -  CHOKC 


BRCCICa 

MRN 

j.os 

SEEDS  PER  INCH 


AVBRAOa 

/  7.  3/7V 


VARIANCC 

37. 


axo.  ocv. 

s.  72777 


SEEDS  PER  FOOT 


AVBRAOB 

177.  g73 


VARIAMCB 

7  5 f.  3(7 


BTO.  OBV. 

IS.  Y7S( 


f.  779/3  /^B.  OF  BBBOB  F««<=BMT  OF  TMB  TIMB 

7  (2S7J  Tjto.  or  BBBOB  (_3292il)0  PBRCBNT  OF  TMB  TIMB 

yo  ///rr  ■*  ^ 

lgf.2.17./  MO.  OF  BBB.OB  £j£l£lfrr  PBRCBMT  OF  TMB  TIMB 
its  77S/  „o.  OF  BBBOB.  £33MUrB  PBRCBMT  OF  TMB  Tl 


imc 


XJS 


IBT  FT  sei  BBBOB  WO  FT  BBBOB  .TM  FT. - 

.MO  FT  32 J  BBBOB  TM  FT  ML.  ••«<>• 


SEEDS  PER  INCH 


AVBRAOB 

£■  7S 


VARIAMCB 

6.  S7Y(S' 


axo.  OBV. 

s.  32777 


SEEDS  PER  FOOT 


VARIANCC 

t7.3 


axo.  OBV. 

%  33^i>  f 


3.SJf^f  ✓mo.  or  BBcoa^  7  fZ/JJ^  rcrccnt  or  xhc  timb 

Ar^Af^  /  MQ.  or  ^^rnm  y  RCRCCNX  Or  XHC  XIMC 

flmZ  -  /J 

f  ^  /  „o.  or  accoa  /  7A  fZ/^  RCRCBNX  or  XHC  TIMC 
^ accoa  Z  rcrccnt  or  xhc  ximc  ' 

lax  ft  8 a  accoa  *Ro  rx  ^  accoa  txH  rx  _ 

SNO  rx  ?/  accoa  4XM  rx  7w^_  accoa  axH  ft  ML. 
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Stanhay  Seeder  Test  Results 


TBBT  NUMBBR 

■  BTTINaB-  -  JiO  PUNCH 

P  BABB 

BPBCIBB 

MPH 

Xl  B 

—  HOCB 

^ y  OBARINO 

P  CHOHK 

SA  rrf  /erf  "P 

i/ix 

SEEDS  PER  INCH 


'IS 


rhv  jL 


AVKAAOB 

^.S333y 


VARIANCB 

7.x  rS77 


•  THB  TIMB 


•TO.  08V, 

X,  7^107 


^'X7 /  Mn.  or  mumomZ-  ao  rritcKNT  or  i 

or  BBBPB  /  A»lie»MT  OF  THB  TIMB 


SEEDS  PER  FOOT 


AVBKAas 

70 


>  ^BMCBMT  or  THB  TIMB 


VAR  lANCB 

<f  ^  / 


■TO.  OBV. 

/i(fS 


5^.AX2j/  MO-  or  acBOS^ 

HO,  or  •■BOB  /  .ff£  Ml  RBRCBNT  or  THB  TIMB 


•  BBO«  tmo  WT  -O  BBBOB  ITH  BT  . 

•  BBDB  4TH  rT  7^  aBBOB  •TH  TT  _  ^7 
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APPENDIX  E 


WIND  RIVER  SEEDER  DATA  AND  ANALYSIS 


rear  numbcr 

3 

apccica 

MPH 

ii 

Smul/Jouw 

y  Mfvrnu 

Wrj'T^rAy  '7^rc/ 

SEEDS  PER  INCH 


Wind  River  Seeder  Test  Resuits 


TKST  NUMBCR 


•KTTiNaa 


S/n^j/cLum 


atAR 

NOTCH 


LPP. 


SEEDS  PER  INCH 


y.  3^6  /  MO.  or  memoe  /  lo  pkrcbnt  or  thk  tim* 

-  /  HO.  or  ■■■oa  /  1  90  rkr 


■  RCCNT  or  THC  TIMC 


or  9KKDa  lo  paRccNT  or  th«  tim« 

/■'  Zj*o,  or  /  tO.SJY.Toa  p 


>  PBRCCNT  or  THC  TIMC 


y 

maximum 

MINIMUM 

VARIANCC 

aro.  ocv. 

AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

_i£ _ 

/.  yf7yf 

ji.syyf^ 

/y 

1 

(■7>?  ^ 

SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


JlZ. 


.  accD*  SRO  rr  7 ^  cccoc  sth  rT  .fJ  cccoc 

.  accoa  «TM  rT  7 S  accoa  «tm  rr  7“/  aceos 


. accoa 


y  MO.  or  accoa  co  pcrccnt  or  tmc  timc 

S!-3^ if  ^  accoa  y  ’7^S*fJ2tti  pcrccnt  or  thc  timc 


TTH  rT  ^ 

•th  rr  7-7  accoa 
*TM  rr  6  accoa 
iCTM  rr  7^  accoa 


rT_/y 

tNO  rT 


_  accoa  >RO  rr 
*f  accoa  4TH  rr 


12- 


accoa  STH  rT 


7J 


AVCRAOC 

MAXIMUM 

VAR lANCC 

OTO.  ocv. 

AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

OTO.  OCV. 

7-r/ 

‘fj 

(7 

!/(■  icf 

/c.jy// 

-7^7 

t~  r" 

ys-. 

6 .  .  'to  777' 

accoa  7TH  FT  . 


. accoa 


accoa  CTH 


FT  7/  acc 


•TH  FT 


I  PCRCCNT  or  THC  TIMC 


U.  ^ys  y 

NO,  or  accoa  /exjzr^ 

P40.  or  accoa  <-  pcrccnt  or  thc  tii 


^  accoa 

•  > 

FTH  FT  accoa 

l®TH  FT  _  ■>  y  accoa 


TCOT  NUMaCR 

mw-rrxMaSj^/r  y  aPROCKCT  -3--,  OCAR 

apcciCB 

MPH 

i7 

•^r^a//  CUP  ^  weyreM 

SEEDS  PER  INCH 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

aTO.  ocv. 

A 

777 

X  Sfjr/  y 

^ J  y  MO.  or  accoa  /  %  fi  Y?  ae  pcrccnt  or  thc  timc 

h7<^syj 

y^to,  or  accoa  m  pcrccnt  or  thc  timc 


TCOT  NUMBCR 

BCTTINOBt'  aPROCKCT 

_  OCAR 

CPCCICa 

MPH 

50 

CUP 

8 

NOTCH 

ItJfrpf/e 

SEEDS  PER  INCH 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

aro.  OCV. 

^.08333 

-JJ. _ 

LL 

5^38.1373 

3..'>.cOC7 

3-/^6/^  y  MO.  or  acana  pcrccnt  or  thc  timC 


>io.  or  accoa  ^f.J22iU>  PCRCCNT  or  THC  TIMC 


SEEDS  PER  FOOT 


AVCRAOC 

MAXIMUM 

VARIANCC 

BTO.  ocv. 

yy.y 

// 

77.£ 

(.X?x*s 

•  •T  FT  accoa  «RO  FT  Z£_  .  accoa  STM  rr  Ji-  accoa 

INO  FT  accoa  «TH  FT  accoa  vth  rt  2J. accoa 

NO.  or  accoa  y  e^.  fi/Aa  pcrccnt  or  THC  timc 

MO.  or  accoa  PCRCCNT  or  thc  timc 


tth  ft  ML.  accoa 
•th  ft  JJ-  accoa 

FTH  FT  accoa 

ioth  ft  7Y  accoa 


SEEDS  PER  FOOT 


.»-r  R-r  7^  accoa  *ro  ft  _2J2_  accoa  >th  ft  ^  /  accoa 
IMO  rx  .t2_  ••«0.  XTM  FT  ^  ?  «.«D«  .TM  FT  JZ^l .StD. 

NO.  or  accoa  PCRCCNT  or  TMC  TIMC 

/  NO.  or  accoa  y3L2222*o  pcrccnt  or  thc  timc 


TTH  FT  y  —  accoa 

•th  ft  —  accoa 

•TH  FT  accoa 

IOTH  wr  7  7  accoa 


I 


TCar  NUMRCR 

yj’ 


acTTiHoa-  -^mmU aPROCKCT 

Sr-xg/l  CUP 


apccico 

MPH  1 

TCOT  NUMBCR 

aCTTINOa->  aPROCKCT  .  Pi  ,  OCAR 

apccica  A 

^  -  NOTCH 

5/ 

\MtALL  CUP  8  _  NOTCH 

SEEDS  PER  INCH 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

BTO.  OCV. 

S,  7(>e33 

-Ji _ 

J. 

S.3(f 

x.j/7fy 

2.  llfoy  y  NO.  or  accoa  y,  ^  ^ TiSii  pcrccnt  or  thc  timc 
Jdl22ly-  NO.  or  accoa  PCRCCNT  or  TMC  TIMC 


SEEDS  PER  INCH 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

•TO.  OCV. 

5.73-833 

H 

.3 

a.  ■/‘I93S7 

D.  •  I  lOCi  y  NO.  or  accoa  3y657aa  pcrccnt  or  thc  timc 


/.  is±22l^^o,  or  accoa  F.F  CCNT  or  thc  timc 


SEEDS  PER  FOOT 


6^.5 


MAXIMUM 


FINIMUM 

ss 


7/>  77  f 


f.  7^7  7J 


I  FT  .II 


I.T  FT  IIID.  WD  FT  7 ^ -  HID.  ITM  I 

IHO  WT  ^ 7  .no.  4TH  PT  7  y  .IIP.  ITM  FT  -  .HD. 

S7.  ie.}  i/  NO.  or  accoa  /  77.  (971,  PCRCCNT  or  thc  timc 
syJJJ-  y  NO.  or  accoa  ^  pcrccnt  or  tmc  timc 


TTH  FT  .  accoa 

«th  ft  6  7  .  accoa 

•TH  FT, 

icth  ft  . 


accoa 

accoa 


SEEDS  PER  FOOT 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

•TO.  OCV. 

L  y  / 

7.578Vg 

J2- 

1±- 


accoa  tRO  ft 

accoa  4TM  FT 


7V 


accoa  STH  ft 


accoa  CTH  rr 


^  S 

1S 


.  accoa 
. accoa 


3  y  NO.  or  accoa  yJ^^S^  ••  PCRCCNT  or  TMC  TIMC 

54.  ^33y  /  NO.  or  accoa  /  pcrccnt  or  tmc  timc 


TTH  gT  accoa 

•TH  FT  accoa 

FTH  FT  accoa 

IOTH  FT  ^  7 ^  accoa 
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r":ra'r-a 


TC'‘‘ 

-V^  -i> _ H— 


MM 

*>*••  ..kX- **  M 

^  •  M.  ~  -  Jfc— 
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Wind  River  Seeder  Test  Results 


TCST  HUMPSP 

•  CTTIHOS-  L  SPNOCNCT  ^ 

X  SCAP 

•  PCCICS 

MPH 

Sa- 

CUP 

^  NOTCH 

SEEDS  PER  INCH 


AVCPAOC 

MAXIMUM 

MINIMUM 

VAPIAHCC 

•TO,  OCV. 

9 

.  C? 

/•  <:8<3>r 

•  ✓mo.  op  >««d»  pcnccMT  or  ths  timk 

'*  C  ^iLL^isL. /J*o,  or  •■•os  zJ^ rcnccNT  or  tmc  timk 


TCST  NUMSCn 

•  CTTINOS-  ^  SPAOCKCT  -  ^  SCAM 

•  PCCICS 

MPH 

■  55 

eUN  _  7  NOTCM 

A>4r.P7 />•''' 

SEEDS  PER  INCH 


AVCPAOC 

MAXIMUM 

MINIMUM 

VAPIANCC 

•  TO.  OCV. 

)2,xHin 

-  7x 

7 

/3.  737^/ 

3.73355- 

^  *'  ,  ^No.  or  e*.eee  ZJ%L1& t  *o  pircknt  or  tm«  timb  ^ 

2  or  •■«0«  an  rCRCCNT  or  THB  TIMK 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVCPASC 

MAXIMUM 

VAPIAHCC 

•TO.  OSV. 

5.„'.  M 

^  V 

IT 

?.i.3.ge-a 

V.^/3y7 

MAXIMUM 

MINIMUM 

VAPIAHCC 

•TO.  OCV. 

m.s 

l‘ll 

N! 

a  /3.3«7 

•  •T  PT  tf*.  ^  •■■o«  >no  rr  ^ 

INO  PT  •  ■■os  «TM  PT  ^ 

1  y  WO.  or  •■■D« 

/  ^’(a  !  ^  HO.  or  •■■OS 


^  •■■••  tTM  PT  3  3 

_  ■■■OS  «TM  PT  py 

M  rsncsHT  or  ths  timk 

.M  rSRCKNT  or  THC  TIMS 


•  ■■OS 

•  ■■OS 


TTH  PT 

•TM  PT 

PTH  PT 
irPM  PT 


2  7  . 

IST  PT 

3  y  SKCOS 

•NO  PT  ys/ 

/  S'  SCCOS 

IS207Z  / 

^  ^  sssos 

■  COS  >SO  PT  •  ■■OS 

■  ■OS  «TM  PT  iH t 


•TM  PT  /  7  ^ 

•■■OS  STM  PT 


•ccos 

•  ■■OS 


HO.  OP  •■■OS 


/.HO. 


OP  •■■OS 


•  ■nCSHT  OP  TMC  TIMS 

•0  PCSCCMT  OP  TMC  TIMS 


TTM  PT  111-.  •  ■■OS 
•TH  PT  V  SCCOS 

PTM  PT  /  ^3  SCCOS 
lOTM  n  ilj.  •  ■■OS 


•  ■TTIHSS 


•  PMOCKST 

CUP 


•  PCCICS 

MPH 

TCST  MUMSSP 

•CTTINOSo  S¥>\AiL  SPROCKST  SCAR 

•PSCICS 

MRH 

-Lk _ 

CUR  NOTCH 

/  1 

SEEDS  PER  INCH 


AVSRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

•TO.  OCV. 

A./233^ 

3 

/5" 

3-g/7«r 

/• 

~  y^MQ.  OP  SCCOS  PCPCSHT  OP  THC  TIMK 


-  £j,o.  OP  SCCOS  £52QhS2M,  PCPCCMT  OP  THS  TIMS 


SEEDS  PER  INCH 


MAXIMUM 

_ 

VAPIAHCC 

3. 7rri  7 


STD.  OCV. 

/.  ■'  .■>  7  76 


■  ‘<1051 !  ,  ^NO.  OP  SCCOS  PCPCCMT  OP  THC  TIMS 

A/>,?.^7  ^o.  OP  SSCOS  PCPCCMT  OP  THC  TIMS 


SEEDS  PER  FOOT 


AVCRASC 

MAXIMUM 

MINIMUM 

VARIANCC 

■  TO.  OCV. 

II 

O 

i".  3V99  7 

•  ST  WT?E  SCCOS 
SMO  PP  3^  SCCOS 


/  r 

»MO  PT  •  -1  SCCOS 

PTM  PT  3^  SCCOS 


•  TH  PT 

•TH  PT  JLIL. 


•ccos 

•ccos 


TTH  PT  ^ 
•TM  PT  3^  ■ 


NO.  OP  SCCOS  ■/  33.  ^f^7ss  PCPCCMT  OP  TMC  T^MC 
/  y  ^  3^3  /  HO.  OP  SCCOS  M  PCPCCMT  OP  TMC  TIM« 


•TH  I 


I  PT  •CCOS 

ISTM  PT  .  •CCOS 


SEEDS  PER  FOOT 


AVCPAOC 

MAXIMUM 

MINIMUM 

VAPIAHCC 

•  TO.  OCV. 

35.  7 

va. 

_2L2 _ 

53. 17.7  2 

7  ■  ■" 

IST  PT 

SMO  PT 


SCCOS  *PO  PT  A2_  •  ccos  STM  PT  •  CCOS 

•  ccos  «TM  PT  i£A_  •  CCOS  tTM  PT  ..-ViS.  •ccos 


TTM  PT  ^  ^  SCCOS 


«2 iiS(al  ^ NO. 


OP  SCCOS 


MO,  OP  SCCOS 


y  PCPCCMT  OP  THC  TIMC 

zHm%  •0  PCPCCMT  OP  TMC  TIMC 


•TH  PT 

PTM  PT 
ISTM  PT 


•  CCOS 

•  CCOS 

•ccos 


TCST  HUMSCP 

•CTTINOS-  SPROCKST 

J-  acAR 

•PCCICS 

MPH 

5V 

CUP  ^ 

NOTCH 

Z'"' 

SEEDS  PER  INCH 


kVCPAOC 


MINIMUM 

VAPIAHCC 

•TO.  OCV, 

o 

2  S’o  log 

/■58X// 

•  ✓no.  op  sccop  /"Oyy^/as  pbnccmt  op  tmc  timc 

“*  op  SCCOS  y  y  PCPCCMT  op  THC  TIMC 


TCST  MUMSSP 

•STTINOS-  SPPOCKCT  ^  OCAR 

•PCCICS 

X 

s 

X 

57 

COP  _Z^L.  NOTCH 

pBn<}ett>i2  P-r>C. 

SEEDS  PER  INCH 


AVSRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

•  TO.  OCV. 

lb69Zl 

f 

6 

3.  ^ ;  5  P  o*- 

A  775.  ■■ 

y  MO.  OP  SCCOS  zj^^l  V|73  M  PCPCCMT  OP  THC  TIMC 
OP  SCCOS  PCPCCMT  OP  TMC  TIMC 


SEEDS  PER  FOOT 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCC 

•TO.  OSV. 

3.8. y 

35 

‘^2iee‘f 

6.5/835 

ICT  PP  ^3  SCCOS  *PD  PT  ^  ^ —  SCCOS  BTM  PT  .  ^  ^ —  SCCOS 

•NO  PT  -LS-  •  CCDS  «TM  PT  ■  CCOS  tTM  PT 

^  MO.  OP  SCCOS  M  PCPCCMT  OP  THC  TIMC 

/7.^773  /  NO.  OP  SCCOS  /  7  ts  PCPCCMT  OP  THC  TIMC 


TTM  rr  ...o. 

•TM  PT  ...o. 

.TH  FT  .a  7  ••«<>• 

iMn  FT  3-r  ».«■»» 


SEEDS  PER  FOOT 


AVSRASC 

li.  / 

y  3 

MINIMUM 

VARIANCS 

•TO.  OCV. 

_ 

y  7.  73  3  3 

l.el  cgy 

I.T  FT  ^3  •■■O.  .FD  FT  ?J  0  aaso.  .TM  FT  3  ^  .CCO. 
SMO  PT  •  CCOS  CTM  PT  SCCOS  «TM  PT  -3g  , SCCOS 

/  NO.  OP  SCCOS  /iS-nu 

••  PCPCCMT  OP  THC  TIMC 

?,v-5iya  / 

NO.  OP  SCCOS  /HI  use ^ 

PCPCCMT  or  THC  TIMC 


PTM 

•TH 

PTM 

IPTH 


12- 


ft^L£_ 

FT.^ 


•  CCOS 

•  CCOS 

•ccos 

•  CCDS 
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Wind  River  Seeder  Test  Resuits 


TEST  NUMSBR 

RFTTINOR  -  W  SPROCKET  ^ 

SPECIES 

MPM 

TEST  NUMBER 

SETTINOS-  S/nn  ‘/»m(*aC.»KT  M  ttKAH 

SPECIES 

MPH 

CUP  .J  D  unre-.it 

PihC 

^  / 

CUP  3*  notch 

firJe*6S^  Pi  #7  d 

SEEDS  PER  INCH 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

P' '  8  ^  if  fc  7 

g 

.  O 

2.7  $718 

/  ^5*757 

SEEDS  PER  INCH 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

Ullo^ 

o 

A  9fs  -7 

1.  HI 

•  73^  208  /  MO.  OF  SKtOS  FKnCKNT  OF  TM*  TIMK 

./36/7^  xo.  OF  SCCOS  / L-bhlfp  ttc  FBRCCNT  OF  THE  TIME 


^NO.  OF  •EEOa  •0  PERCENT  OF  THE  TIME 

^  LCt  /  Mn  OF  EEEOE  Z}^ •  ta  PERCENT  OF  THE  TIME 


4 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVCRAOC 

MAXIMUM 

MINIMUM 

VAR lANCE 

STO.  DEV. 

HS 

23 

/i-HgS? 

*/. 

AVERAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  OEV. 

2|. 

3^ 

/  ^ 

3% 7 7 7 8 

|*T  FT  P'S  SEEDS  »PD  FT  SEEDS  STH  FT  SEEDS 

tND  FT  3  ^  SEEDS  4TH  FT  •TH  FT  SEEDS 

^  ^NO.  OF  SEEDS  PSMCENT  OF  THE  TIME 

P  I’  7*^0  O-  ^  NO.  OF  SEEDS  /  PERCENT  OF  THE  TIME 


TTH  FT 
•TH  FT 

rrH  FT 


REEDS 

1ST  FT  2 

3^  SEEDS 

•  MD  PT  / 

.3  A  REEDS 

iLd2.  L. 

.i  SEEDS 

n.nok  y 

SEEDS 

SEEDS 


JRO  FT  JJ—  SEEDS 
4TH  FT  7  ^  SEEDS 


9TH  ft  ^  CT 
•TH  FT  /  7 


.  SEEDS 
. SEEDS 


L*0  PERCENT  OF  THE  TIN 


*7 

TTH  FT  /  SEEDS 

•TH  FT  '  SEEDS 

FTH  FT  /  C,  SEEDS 

lOTH  FI  _  SEEDS 


TEST  NUMBER 

SETTINOS-  -^/V- /sprocket  PEAR 

SPECIES 

MPH 

5f 

L  ^  CUP  .5"  notch 

TEST  NUMBER 

avTXlMflR  SPROCKET  OEAR 

SPECIES 

MPH 

^  NOTCH 

f': 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STO.  OEV. 

A  9UU 

o 

7..H  If 6S 

SEEDS  PER  INCH 


AVERAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

12 

o 

3.92:9/9. 

A  997,7  b 

y  MO.  OF  SEEDS  •0  PERCENT  OF  THE  TIME 

-.5VM±-^.  fiO.  OF  SEEDS  PERCENT  OF  THE  TIME 


^^NO.  OF  SEEDS  •0  PERCENT  OF  THE  TIME 

\.  ^977$.  /  OF  SEEDS  ^  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVERAGE 

MINIMUM 

VAR lANCE 

STD.  OBV. 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STO.  OEV. 

3  7 

JO 

5.13.7/ 

5^.1 

68 

SO 

93.93  33 

6. 

P>9 


SEEDS 

SEEDS 


RO  FT 

TH  FT  0 


SEEDS 

SEEDS 


,  SEEDS 


•TH  FT  -^i  - 
«TH  FT  ^S'  SEEDS 


}  7. <5^  ?^  ^NO.  OF  SEEDS  /20.110^  ••  PERCENT  OF  THE  TIME 
)  HO.  OF  SEEDS  /3^-Ojggao  PERCENT  OF  THE  TIME 


TTH  FT  7.3  SEEDS 
•TH  FT  SEEDS 

FTH  FT  ML.  SEEDS 

lOTH  FT  _  ML  SEEDS 


1ST  FT  5^  SEEDS  >RO  FT  ML.  SEEDS  9TH  FT  _2_L—  SEEDS 
IND  FT_i_2_  SEEDS  4TH  FT  S  P  ..  SEEDS  OTH  FT  -  SEEDS 

nusn  /.  NO.  OF  SEEDS  PERCENT  OF  THE  TIME 

Z.NO.  OF  SEEDS  MMA.  •0  PERCENT  OF  THE  TIME 


i-:. 


TTH  FT  SEEDS 

O  ■  SEEDS 
SEEDS 
_  SEEDS 


•TM  FT  . 

FTH  FT  C  S> 

::  r 

lOTH  FT  ^ 


SETTINOS 


—^*7.3  L  C  SPROCKET 

/  3»- jg-  COP 


SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

A  SVS" 

7 

A  7V(5yy 

1.3193 

*  / _^NO.  OF  REEDS  PERCENT  OF  THE  TIME 

-  .  3-?^"  /ino.  or  SEEDS  Z.  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVCRAOC 

MAXIMUM 

M  INIMUM 

VARIANCE 

7.7.5 

3/ 

3 

35. 27  7<? 

1ST  FT  SEEDS  »RD  FT  ^  7 

•NO  FT  SEEDS  4TM  FT  /  ^ 


. SEEDS 
SEEDS 


•TH  FT 
•TH  FT  P'  _  • 


SEEDS 

CEOS 


I  W  5 1^  ^NO.  OF  RREPR  /,^‘S5  PERCENT  OP  THE  TIME 

'  3  ■  VV  S3  ^  HO.  OF  SEEDS  M  PERCENT  OF  THE  TIME 


STD.  OBV. 

S.StXS'^ 


TTH  FT  2d—  SEEDS 
•TH  FT  -  ^  SEEDS 
•TH  FT  M-  SEEDS 
IPTH  PT  3  / _ SEEDS 


TEST  NUMSCR 

SETTINGS-  SPROCKET  OEAR 

SPECIES 

MPH 

63 

CUP  V  NOTCH 

Pc'riL 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCC 

STO.  OEV. 

9.i59>3i 

/o 

6) 

d.l  9  33./ 

7.. 09/73 

.  ^HO.  OF  SEEDS  •0  PERCENT  OF  THE  TIME 

I.UdM.  ,  4^JiO,  OF  SEEDS  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  DEV. 

£“5.9 

(e  V 

‘7  9 

5.a.9gg9 

7.37  9  3S 

1ST  FT  dil.  SEEDS  tRO  FT  ILL.  SEEDS  9TH  FT  5M  SEEDS 

•NO  FT  _jS13_  4TH  FT  ^  ^  SEEDS  •TH  FT  ,.5^ SEEDS 

^nO.  OF  REEDS  »0  PERCENT  OF  THE  TIME 

HO.  OF  SEEDS  PERCENT  OF  THE  TIME 


TTH  FT  -3  A  _  SEEDS 
•TH  FT  SEEDS 

FTH  FT  Ml.  SCCOS 
lOTH  FT  _  ^  I-  SEEDS 
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Wind  River  Seeder  Test  Resuits 


TEST  NUMBER 

SETTINOS-  Lnt  ^e.  SPROCKET  ^  OEAR 

SPECIES 

MPH 

-U _ 

^£i  CUP  V  Nn-r.~u 

P^hJ -etois  Pi''^ 

SEEDS  PER  INCH 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

y.  7.13' 

/O 

■  a 

3.  ‘iSxS^ 

.^NO.  OP  eKeon  mo  pkhccnt  op  the  time 

OF  SEEDS  z.&Am2.  ^  PERCENT  OP  THE  TIME 


TEST  NUMBER 

SETTINQS-S_>I^  uC  SPROCKET 

a  OEAR 

SPECIES 

MPH 

lo 

CUP 

— ^  -  NOTCH 

Or 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STO.  DEV. 

3.IIU1 

/  3 

y.  5'i37;i? 

Z/  a j<DV 

<^NO.  OF  SEEDS  10  PERCENT  OF  THE  TIME 

??  ^^o.  OP  SEEDS  zi'iCPtbimm  percent  op  the  time 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  DEV. 

AVERAOE 

MAXIMUM 

MINI  HUM 

VARIANCE 

5^.7 

^3 

5-^ 

S^.DIU 

9-  <5i-6 

37.  V 

b-y 

3  r 

3  30 

S.  7v>6.v'- 

1ST  FT  BEDS  iRO  FT 

END  FT  seeds  <TH  ft  S(> 


JIZ. 


SEEDS  STH  FT  _ 

SEEDS  STN  FT 


SEEDS 

SEEDS 


. SEEDS 


/■  NO.  OP  SEEDS  to  PERCENT  OP  THE  TIMS 

V/.  iM23-jL  NO.  OP  SEEDS  to  PERCENT  OP  THE  TIME 


7TM  FT  j 
•TH  FT  ^  /  . SEEDS 

PTH  FT  'S'  ^  SEEDS 


lOTH  I 


.  SEEDS 


1ST  FT  3  (g  SEEDS  JRD  FT 
tND  FT  ^  ^  SEEDS  4TH  FT 


jjL... 

I3-. 


EDS  »TH  FT  H  3 

ESOS  tTH  FT  3  / 


SEEDS 

SEEDS 


NO.  OF  SEEDS 
n.hkii  /  NO.  OF  SEEDS 


PERCENT  OF  THE  TIME 


PERCENT  OF  THE  TIME 


FT  '-J  ^ 

V3 


.  SEEDS 
tTH  FT  ^  3  SEEDS 
PTH  SEEDS 

lOTH  Fn  /  SEEDS 


TEST  NUMBER 


n.m.SuS.iL 


SPR  OCKBT  ^  OEAR 
CUP  ^  NOTCH 


SPECIES 

MPH 

^0 

SEEDS  PER  INCH 


TEST  NUMBER 

7/ 


BETTINaS-S/wJ^^  SPROCKE 
CUP 


T  g 

I 


,  SEAR 
. NOTCH 


SPECIES 

MPH 

Dot7^  ^^2  f  ' 

SEEDS  PER  INCH 


‘  OP  THE  TIME 


i  93  I  y  MO.  OP  SEEDS  >!^  3y/V  to  PERCENT  I 

NO.  OP  SEEDS  A?12Zif  fd  PERCENT  OP  THE  TIME 


PERCENT  OP  THE  TIME 


OF  SEEDS  to  PE 

OF  SEEDS  PERCENT  OF  THE  TIME 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

'  E 

d 

3-011  VJ 

/.73i-3i 

2.S?3- 

7 

3 .  ^  *^7 

i-i'iSit. 

SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


1ST  FT 

tND  FT 


SEEDS  >RO  FT  SEEDS  tTH  FT  SEEDS 

SEEDS  tTH  FT  ti±-  ,  SEEDS  tTH  FT  SJi. _  . SEEDS 


'ihTMAz  NO.  OF  SEEDS  tO  PERCENT  OP  THE  TIME 

NO.  OF  SEEDS  M  PERCENT  OP  THE  TIME 


TTH  FT  ^ 8BBOS 
tTH  FT  AS-  SEEDS 
PTH  FT  SEEDS 

lOTH  FT  „  AS-  SEEDS 


1ST  FT  ?  SEEDS  »RO  FT  20-  SEEDS  STH  FT  . 

tHO  FT  -3_  I  SEEDS  4TH  FT  ^  L  SEEDS  tTH  FT  20- 


M- 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OSV. 

AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

3  7.y 

79 

>9-i> 

3a, 9 

34 

29 

PJ.  !?73 

7- 

SEEDS 
. SEEDS 


TTH  FT  -3  y 
BTH  FT  _  -/■- 


5 NO.  OF  sssas  ■/'y<!^-3/«J/  ma  percent  OF  THE  TIME 
Z  NO.  OF  SEEDS  /VJ-  *^7/.$" 90  PERCENT  OF  THE  TIME 


PTH  FT  7^  SEEDS 
lOTH  FT  SEEDS 


TEST  NUMBER 


SETTINOS 


c 


SEEDS  PER  INCH 


A  GEAR 

SPECIES 

MPH 

a  NOTCH 

AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

3.  y' 

9 

0 

y,  I519S 

Zj**o.  of  seeds  o^aidil  to  PERCENT  OF  THE  TIME 
Z  HO.  OF  SEEDS  PERCENT  OF  THE  TIME 


STD.  DEV. 

oi‘9// 


TEST  NUMBER 

7.2 


SSTTINOS-Siil^jL^  SPROCKET  . 
^  j  e  CUP 


SEEDS  PER  INCH 


SPECIES 

MPH 

OdU9  '■ 

.  6a  s^5i  .  ^NO.  OF  SEEDS  Z'MdL  to  PERCENT  OF  THE  TIME 
'  •  bS  3  Z  MO.  OP  SEEDS  Z !  53^4ao  PERCENT  OP  THE  TIME 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STO.  DEV. 

3.  02,333 

7 

3.  r.* ssy 

y.  • 

SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

HO.  g 

’50 

2  7 

/37.  ^54 

•TO.  DEV. 

;/.7V5‘V 


SE 


IST  FT  I  SEEDS  »«D  FT 
tNO  FT  a*  ^  _  SEEDS  4TH  FT 


H2  ,  SEEDS  tTH  FT  02-  SEEDS  TTH  FT  — 

on-  _  SEEDS  tTH  FT  OJ—  SEEDS  iTH  FT 


.^TiiOLZ-NO.  OF  .KO.Z-SLiSZ/M  F.«C«MT  OF  THI  TIM. 
Xl-  ilSI  /_  „o.  OF  ...O.Z^?li^iO  F.RC.NT  OF  TH.  TIM. 


PTM  FT 
lOTH 


SEEDS 
SEEDS 

O _ ...o. 

FT  3  V  -  ...°« 


SEEDS  PER  FOOT 


7i 

Ok. 


OA. 


SEEDS  PRO  FT  3  3  SEEDS  PTH  FT  _ 

r  yg  tTN  FT  yg 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

3^y 

9L 

3,3" 

‘ho.d.ui 

A.  HSH.  : 

SEEDS  «TM  FT  . 


SCE08 

SEEDS 


TTH  FT  . 


Oo 


gy-  9H  3  ^HO.  OF  .F.n.  fc.C.NT  OF  TH.  TIME 

^  NO.  OF  SEEDS  ^r/w32i  M  PERCENT  OF  THE  TIME 


,  SEEDS 
tTH  FT  _^.V.  SEEDS 
PTH  FT  ^s-  SEEDS 
lOTH  PT  _  20.  SEEDS 
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Wind  River  Seeder  Test  Resuits 


TEST  NUMBER 

BETTINGS-  •'•ROCKET  mgAa 

SPECIES 

MPH 

7  3 

CUP  ^  hiriTf-u 

Do^'^(  3i  Fcl- 

SEEDS  PER  INCH 


AVERAOE 

MAXIMUM 

MINIMUM 

VAR lANCE 

STO.  OEV. 

5. 

o 

3.5  ?TJ7 

/■S’)  7^ 

_^NO.  or  BKroa  rKRCCNT  or  thc  timk 

lUMi^/Lno.  or  aggoB  ■Z_^-^5'8?9o  rSBccNT  or  thb  time 


TEBT  NUMBER 

SETTINGS-  S*tJ  SPROCKET  ^  GEAR 

SPECIES 

MPH 

- 

tii^CUP  70.  ■  NOTCH 

ti- 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

M  INIMUM 

VAR  lANCE 

STO.  OEV. 

7■^‘^K7 

/  r 

/ 

^  •  3  !  '9  ^  O 

7.  '  !  1 

^  ^  ?6 - ^NO.  or  BggQB  ao  PCncENT  OF  THE  TIME 

3  .A6 

or  SCCDB  /HiW)  .90  rcRcCNT  or  the  time 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  DEV. 

AVERAGE 

MAXIMUM 

VARIANCE 

35.  / 

2.  ! 

LS.’T.m 

(5  753  V 

97 

7  ^ 

,7(7.  - 

/.  ^ 

33 


IBT  FT  BEEOB  SAD  FT  . 

IND  WT  i  _  BEEOB  4TH  FT  3) 


BEEOB 

BEEOB 


STM  FT  -3i~ 
.TH  FT  J_2_ 


BEEOB 

SEEDB 


TTH  FT 
»TM  FT  ^  S 


?•/  7  ^  /  NO.  or  BggPB 10  FENCEHT  OF  THE  TIME 
.  NO.  or  BEEOB  /•li.  iiM  M  FERCENT  OF  THE  TIME 


9TM  FT  ^ 0  BE 

lOTM  FT  ^ O 


EOB 

BEEOB 


IBT  FT  BEEOB  SRO  FT 

>NO  FT  kb 


g? 

BEEOB  «TH  FT  3±_ 


.  BEEDB  9TH  FT  . 


BEEOB  ETH  FT 


.  BCCOS 
. BEEOB 


>  PERCENT  OF  THE  ' 


/  NO.  OF  BEEDB  /7bJ.7?J3  ■ 

7ta£i2.  ^  NO.  OF  BEEOB  M  PERCENT  OF  THE  TIME 


TTH  FT  ^  ^ 

7  7 

•TH  FT  -  ' 

tTH  FT  - 


lOTM  FI 


_  BEEOB 

«  BEEOB 


TEST  NUMBER 

BETTINGS-  SPROCKET  -7  GEAR 

SPECIES 

MPH 

7^ 

■  CUP  Mi _ NOTCH 

/70VJ 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  OEV. 

■!$ 

/ 

Il.'7,i79 

3.  35£?7 

TEST  NUMBER 

SETTINGS-  SPROCKET  GEAR 

SPECIES 

MPH 

7g 

CUP  0  NOTCH 

Pc.=/^i;  t- 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

‘I.SHUi 

3  6 

'  3 

P.  35:^6 

/ 

3-  /  /  MO.  OF  BggPB  y  //■  L^ai3  <0  PERCENT  OF  THE  TIME 

^  ^  7  y  MO.  OF  BEEPB  ^  BO  PERCENT  OF  THE  TIME 


S.  110}^ ! 

.  ?»7J^  /ho. 


OF  BEEOB  PERCENT  OF  THE  TIME 

OF  BEEOB  /■'S'-OSb  jn  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

AVERAGE 

MAXIMUM 

M  INIMUM 

VARIANCE 

STO.  DEV. 

U.C,U7 

tog 

I13.7S 

/3.  ‘fo/<7 

ll‘7.S 

/  3  ?, 

$2 

/  .'5 

/  -r  J  ■>  / 

^  ^  BEE 


IBT  FT  uA£  BEEOB  SRD  F^T  . 

tNO  FT  ^  BEEDB  4TH  FT  M-  BEEOB 


»TM  FT  BCEOB 

•TH  FT  ^ S._  BEEDB 


^NO.  of  BggPB  BO  PERCENT  OF  THE  TIME 

^  /  NO.  OF  SEEDS  PERCENT  OF  THE  TIME 


TTH  FT 

•TH  FT 

FTM 

lOTH  FT 


22 

I±- 


BEEDB 

BEEOB 


FT  ^9  BEEOB 
BEEOB 


IBT  FT  /  J, 
tNO  FT  IQ 


BEEDS 

SEEDB 


Jl^ 


SEEDB 

SEEDS 


Jit. 


SEEDS 

SEEDS 


<?  ‘f-i'iiiH  /  NO.  OF  BggPB  /  to  PERCENT  OF  THE  TIME 

^  /  /  HO.  OF  SEEDB  ■/ /33-  ao  PERCENT  OF  THE  TIME 


■  IAjl- 


SEEDB 

SEEDS 


TJL 


BETTINOS- 


SPROCKET  ^  OEAR 

CUP  JU - NOTCH 


SPECIES 

MPH 

SEEDS  PER  INCH 


AVERAOE 


MAXIMUM 

/  7 


MINIMUM 

o 


VAR lANCE 


BTO.  DEV. 

z.ijjIL. 


*  %!'!  y  NO.  OF  ...OR  /li.  .0  PCRCCNT  OF  THE  TIME 

y-na.  OF  SEEDB  /  /7  ■Ol'^^_90  PERCENT  OF  THE  TIME 

SEEDS  PER  FOOT 


AVERAOE 

maximum 

MINIMUM 

VARIANCE 

BTO.  DEV. 

_ 

lo^ 

7r _ 

9/.SiC7 

9.Sk9c}S- 

fT  FT  -?tJ 

>ND  FT  /  ‘-i  SEEDS 


»RO  FT  3  5^  BEEOB  tTH  FT  .  ^ 

4TM  FT  lA.  SEEDS  iTH  FT  JA. 


SEEDS 
. SEEDS 


.0g7.,r  /  NO.  OF  ...o.  yW-Ski  .0  PERCENT  OP  THE  TIME 
.  ^5?^?  Z.  NO.  OP - -  /)CtS.t>il  Ml  PERCENT  OP  THE  TIME 


TTH  1 

•TH 

FTM 

lOTM 


T  ^  fA  -  seeds 
T  •CCDS 

T  a  V  .._  BEEOB 


TEBT  NUMBER 


11 


BETTINGS- 


SPROCKET 


CUP  ^  NO 


SPECIES 

MPH 

Du--; 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

M  INIMUM 

VARIANCE 

STO 

// 

(0 

5.  3<f/.2  7 

' 

□ 


.  ^NO.  OF  BEEOB  /I '9^1 00^  •0  PERCENT  OF  THE  TIME 
A  ^3^  7^  /  MO.  OF  BEEOB 


•Jyt  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV 

b-«.  1 

iso 

90 

.7  ?.  3  S  S 

g,'  fcj 

I.T  PT.Nli_  SEEDS  IRO  FT 
tNO  ft  S3  BEEOB  4TM  FT 


^6 


.  SEEDS  9TH  FT  AA. 

EDS  «TH  FT  kL._ 


lA.. 

y  NO.  OF  BEEDB  /7^  PERCENT  OF  THE  TIME 

^0,  ^  NO.  OF  BEEOB  ^7 S’  J7jJt 


BCEDB  TTH  r-r  ^  9  SEEDS 

BEEOB  gYH  g-r  •  BEEDB 

^  SEEDB 


FTM  FT  _ 
lOTM  FI  . 


BEEOB 


L/*0  PERCENT  OF  THE  TIME 
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Wind  River  Seeder  Test  Resuits 


TEST  NUMSER 

SETTINDS-  SPROCKET  V  SEAR 

SPECIES 

MPH 

^6 

SEEDS  PER  INCH 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  OEV. 

_ 2 _ 

a. 

/.  ~3  J(3/ 

•  ^  /  *^^29  y  MO.  OF  BKKOmy-^t  3/y^VaO  FIRCCNT  OF  THC  TIME 
.  Cje/sf  ^°.  OF  SCEOE  fO  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

Si2.2 

^  ^ _ 

/V 

37.  fSS-^ 

i./i  OS/' 

lET  FT  23—  •  CEOS  SRO  FT  J±_  •  EEOE  STM  FT  P  ^  EEEOS 
INO  FT  •  BEOS  4TH  FT  ^  3  SEEQE  *TM  FT  .AL.  SEEDS 

^  NO.  OF  SEEDS  y3i.  PERCENT  OF  THE  TIMS 

u  ^  NO.  OF  SEEDS  ^3£JUi5.  PERCENT  OF  THE  TIME 


TTM  FT 
•TM  FT 

*TM  FT 
lOTH  FT 


jA. 

AL 

2A. 


SEEDS 

SEEDS 

SEEDS 

SEEDS 
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APPENDIX  F 


VENTURA  SEEDER  DATA  AND  ANALYSIS 


TEST  NUMBER 

1 

OATC  SCTTINO 

./7^  " 

SPECIES 

^0  /Y  f 

MPH 

SEEDS  PER  INCH 

AVCRAOC 

•  r- 

MAXIMUM 

S 

MINIMUM 

<P 

VARIANCE 

.  / 

STD.  DEV. 

'^.NO.  OF  AKKO*  y  R«I»C«HT  OF  THC  TIMK 

l^rS/ 

Z-HQ.  OF  I 


FCRCKNT  OF  THC  TIMC 


Ventura  Seeder  Test  Results 


TCST  NUMSCR 

V 


■Us 


•  Rccies 

PihS 


MFH 

u 


SEEDS  PER  INCH 


AVERAOE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  DEV. 

!■).  7  >- 

V _ 

O 

I.i7757i 

7.  /  7  3  i  y 

OF  SCCOS  PCRCCNT  OF  THC  TIME 

^  0  /  /  Mft.  OF  BECPa  ^  ao  PERCENT  OF  THC  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

M  INIMUM 

VARIANCE 

STD.  DEV. 

_ 

_z _ 

7 

S.S2JS(f 

1ST  FT  7  SECOS  SRO  FT  !/  .  SEEDS  tTH  FT .  „,D. 

IND  >-r  IP  SIIOS  4TH  FT  7  .»»D«  FTM  FT 

/  HO.  OF  SCEDS^  Is.  f/.Xf  >0  FERCBNT  OF  THE  TIMC 

'  t'  /_  NO.  OF  SEEDS  ^.it22lL  90  PERCENT  OF  THC  TIME 


TTH  FT  ML-  . SEEDS 
•TH  FT  ! !  SEEDS 
tTH  FT  }  £>  SCBOE 
lOTH  FT  JP  _SEED6 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR lANCE 

STD.  DEV 

_ 

PL 

1ST  FT  SEEDS  iRO  FT  ‘  ^  SEEDS  9TH  FT  2S-.  SEEDS 

tND  FT  /  7  SECOS  4TH  FT  cR  SEEDS  STH  FT  JS—  .  SEEDS 

IbSiSi  /  NO,  OF  SEEPS  /^0»i  7yA  10  FCRCCNT  OF  THE  TIME 

^  ^  NO.  OF  SEEDS  Z  2.I-5  PERCENT  OF  THE  TIME 


TTH  FT 

STH  FT 

9TH  FT 

lOTH  FT 


V 


-L 

u. 


/  y 


SEEDS 

SECOS 

SEEDS 

SEEDS 


TEST  NUMBER 

GATE  SETTING 

SPECIES 

MPH 

TEST  NUMBER 

GATE  SETTING 

SPEC  ICS 

MPH 

■  Us  " 

c/ei-oS  a)  ^f-'h  ^ 

.M- 

_ 

.S/S  ' 

PaM</{’.o‘;;3  Pc'.iC 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

M  INIMUM 

VARIANCE 

STD.  DEV. 

—Q _ 

,  ‘7^0  8fC 

•  /‘TfS 

OF  SEEDS  ■/  so  PERCENT  OF  THE  TIMC 


-  <77^^^  y  HO.  OF  SEEDS y  ^  PCRCCNT  OF  THE  TIMC 


SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

//■‘to 

_ 

37  l:?  ) 

/•  ?.'■ 

»S  /I  NO.  OF  seeps  /  PERCENT  OF  THC  TIME 


-J0t512>  /no.  OF  SEEPS  y  5~-  ^3V.3‘/»0  RCRCCNT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM  I 

MINIMUM 

VARIANCE 

STO.  DEV. 

7.7 

_ I 

_ 

3.  8  7i? 

1ST  FT  i  I  SEEDS  3RO  FT  I  I  -  SECOS  STH  FT  9  —  SBBOS  TTH  FT  II—  SCBOB 

*N0  ft  I  ^  SEEDS  4TH  FT  1  L>  _  SEEDS  BTH  FT'.  SEEDS  2 -  SEEDS 


^1.  ^^7  ^NO.  OF  SCCOSZ.  1!1lI£21^0  PCRCENT  of  THE  TIME 

■  ATM  FT  7  SEEDB 

NO.  OF  SEEDS  M  PERCENT  OF  THE  TIMC 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

_ 

13.  in  ? _ 

3.  *  i.  *“ 

1ST  FT  H?,..  SEEDS 
END  tr-r  -  SECOS 


JRD  FT 
4TM  FT 


21 


SEEDS 

SECOS 


STH  FT  3  t>  SEEDS 
8TH  FT_2_£:_  seeds 


3^.  ^6  /  3  /  NO.  OF  SCCPS  /i*^-5~^^7sO  PERCENT  OF  THE  TIME 

^  ^^lSL2£lSu.  Z-  NO.  OF  SEEDS  /  PERCENT  OF  THE  TIME 


TTH  FT 

8TH  FT 

FTH  FT 
lOTH  FT 


V  7  _  seeds 

-2.  .<? 

o  SEEDS 

‘  SEEDS 

‘i  \  SEEDS 


TEST  NUMBER 

•7, 

GATE  SETTING 

BPBCIEB 

P^ll1cle^6S.^)  Pthc 

MPH 

J.i 

SEEDS  PER  1 

NCH 

AVERAGE 

2.M33^ 

MAXIMUM 

L 

MINIMUM 

(9 

VARIANCE 

STO.  DEV. 

/.33X‘y 

.ZLl‘:Ci^  ✓no.  OF  SEEDS  /1MVC  80  PERCENT  OF  THE  TIME 

N  913^  /nP.  OF  SEEDS  _»0  PERCENT  OF  THE  TIME 


GATE  SETTING 

SPECIES 

MPH 

.S/S  " 

P on  Jtfl-o  S..3  Pc  C. 

xs 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

M  INIMUM 

VAR  lANCC 

STO.  DEV. 

3.SS  “75  3. 

1 

a.  73/3.r 

1.  4  S  eji  *7  6 

/.  ^  /  NO.  OF  SFCPS  y  SX  76^^80  PERCENT  OF  THE  TIMC 


■  ^  ^  6  8  ^  V  /  NO.  OF  SEEDS  d.-22M.  >0  PERCENT  OF  THE  TIMC 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

ai' 

3'?. 

SEEDS  4TH  FT 


l^.on?,  /  NO.  or  P.rc.MT  or  TMi  Tiu. 

n  -MILL- /-HO.  or  r.RC.NT  or  TH.  TIM. 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

‘Va. 7/^.3 

^3 _ 

3  3 

is  718/ 

1ST  FtLL^ 
tND  FT 


SEEDS 

CEOS 


SRD  FT  '  '  '  -  SEEDS 

4TH  FT  S"  3  SEEDS 


J3 


STH  FT  SEEDS 

8TH  FT  2  SEEDS 


3  ^  >  0“fl  &>  Z^HO.  OF  R>RDP  y  percent  OF  THE  TIME 

3  /  '  ^Sd  I  Z_  HO.  OF  SEEDS  ZS^dI^9Q  PERCENT  OF  THE  TIME 


TTH  FT  « 

STH  FT  _ 
STN  FT  . 
lOTH  FT  _ 


. SEEDS 
. SECOS 
SEEDS 
SEEDS 
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Ventura  Seeder  Test  Results 


TEST  NUMBER 

SATE  SETTINS 

SPECIES 

MPH 

7 

,  :i/f  " 

PthJf.esi  P‘"fi 

TBST  NUMBER 

/c> 


OATS  BCTTINO 

./SO 


SEEDS  PER  INCH 


SEEDS  PER  INCH 


wo.  or  BEEOB  aO  RERCEHT  OF  THE  TIME 

A  ^  g  /  MO.  OF  BEEPS  ta  FBRCENT  OF  THE  TIME 


)  4-^  ^  -  ^NO.  OF  SEEPS  an  PERCENT  OF  THE  TIME 

'  ^  _ ^ij*0.  OF  BEEPS  ^ 


>  RERCENT  OF  THE  TIME 


MFH 

J-S 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

^.£''',^33 

0 

3.  26HI3 

/.  9 

“Z.  3«333 

0 

SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


1ST  FT_si_SfiL,  SEEDS 
INO  FT  JU-  SEEDS  rrn  ft  , 


^  SEEDS  «TH  FT 

liL  SEEDS  ETM 


SEEDS  TTH  FT 

iTM  FT  .1£L. 


’HistiL 


•0  FCRCBNT  OF  THE  TIME 


2  *■'  -  ^  6  ^  /  NO.  OF  SEEDS 

NO.  OF  SEEDS  yHiii/  ,M  FSRCENT  OF  THE  TIME 


SEEDS 

•TH  FT  F>  y  ■  SEEDS 

•TH  FT  3  _  SEEDS 

lOTH  FT  tU.  SEEDS 


1ST  FT  SEEDS  •RO  FT  _4^  7 

9  7* 

END  FT  •  SEEDS  «TH  FT  _ 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCC 

STD.  DEV. 

AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

3V.3 

-M _ 

7.  gJAJ? 

^7 

22 

€7.3Ti€ 

-73V7./ 

SEEDS  »TH  FT 


.SEEDS  STH  FT  ^ 


SEEDS  7TH  FT  ,2— 


-1^ 


Ht,  ^NO.  OF  SEEDS  FERCENT  OF  THE  TIME 

^  NO.  OF  SEEDS  PERCENT  OF  THE  TIME 


*TH  ft  V  /  SEEDS 
lOTH  FT  Tj  seeds 


TEST  NUMBER 

GATE  SETTING 

SPBCISS 

MPH 

TEST  NUMBER 

GATE  SETTING 

SPECIES 

MPH 

.MS 

Pe.<Jens^  P 

II 

.  *' 

OccJ^  tsi  Pl  *- 

3",  3 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

3.r.liC'/ 

-  9 

_ 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

2.S‘iu^ 

/  V 

o 

J.77  -7  7^' 

/.  Yy  V''^ 

OF  SEEDS 


•  ^_2jll£__z.no. 

/3g  /mo.  of  seeds 


to  PBRCEHT  OF  THE  TIME 

PERCENT  OF  THE  TIME 


OF  SEEDS  PERCENT  OF  THE  TIME 

OF  SEEPS  z~)‘  aO  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

34.  ^ 

11 

Xi 

S.s  fli-S' 

,.T  FT  37 
tND  FT  ■A? 


SEEDS 

SEEDS 


SEEDS 

SEEDS 


•TH  FT  21-  SEEDS 
•TH  FT  JiS-  SEEDS 


NO.  OF  SEEPS  ■/V3-37//  SO  PERCENT  OF  THE  TIME 
P^:22££z.  NQ.  OF  REEOS  /H^-  aa  PERCENT  OF  THE  TIME 


7TH  FT  22—  SEEOS 
•TH  FT  ^"7  SEEOS 
FTH  FT  22L.  SEEOS 
IflTH  FT  JlS-  SEEDS 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STO.  DEV. 

s^/.s 

L  r 

•  ST  rx  L  C)  SEEDS  »RO  FT  JLC_  SEEDS  STH  FT  Ji2-  SEEDS 

SHO  FT  SEEDS  ETH  FT  SEEDS  «TM  FT  J  SEEDS 

NO.  OF  SEEOS  y'/.O.SS!  •0  PERCENT  OF  THE  TIME 

NO.  OF  SEEOS  •0  PERCENT  br  THE  TIME 


TTH  FT 

•TH  FT 

FTH  FT 
lOTH  FT 


12—  SEEDS 

y  "f-  -  SEEDS 
y  y  SEEDS 
f)~  k>  SEEOS 


TEST  NUMBER 

GATE  SETTING 

./SO 

SPECIES 

MPH 

Jl.S 

SEEDS  PER  INCH 

AVERAGE 

3.  g 

MAXIMUM 

^2 

MINIMUM 

_ 

VARIANCE 

STO.  DEV. 

/.  fg'5'44 

/•  35V38  _^NO.  OF  SEEDS  •0  PERCENT  OF  THE  TIME 


«  /.NQ-  OF  RRRCIR  ■/  7  PERCENT  OF  THE  TIME 


TEST  NUMBER 

GATE  SETTING 

SPECIES 

||  MPH 

/3 

\^-7 

SEEDS  PER  INCH 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

s.  UUI 

■!% 

13.  0/2 

1.  Col  11 

/  .  bHt  y  NO.  OF  SEEDS  ■/  so  percent  of  the  time 


.  /  tta.  OF  SEEPS  ^11  -Lol  an  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  OBV. 

USA _ 

5-3 

2a 

'  /■o  - 933  2 _ 

7.  roris 

1ST  PT  y  3  SEEDS  JRO  FT  SEEDS  STH  FT  .£J_  SEEDS 

>NO  FT  SEEDS  FTH  FT  SJ  SEEDS  STH  FT  -  SEEDS 

y  NQ.  OF  SEEPS  PERCENT  OF  THE  TIME 

/_  NO.  OF  SEEOS  PERCENT  OF  THE  TIME 


TTH  SEEDS 

•TH  FT  7  SBEOE 
FTH  FT  22-  SEEDS 
ICTH  FT  3  «S  _  SEEOS 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

2^ 

J  O(o 

S.3 

132 

//.  TlSS 

1ST  rx  51  .  SEEDS  »RO  FT  -n.  SEEDS  STH  FT  xi-  SEEDS 
INO  FT  SEEDS  JTH  FT  'b  SEEOS  ITH  FT  ,  ?  *7 _  SEEDS 

53.  IS^  ft  ^NO,  OF  SEEPS  /  PERCENT  OF  THE  TIME 

*V  ft  ?  "}  ^  MO.  OF  -PPf'P  PERCENT  OF  THE  TIME 


TTH  FT  /O^  •  CEOS 

•TH  FT  3  /  _  SEEDS 
FTH  FT  SLl.  SEEDS 
lOTH  FT  }D  D  _  SEED* 
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Ventura  Seeder  Test  Results 


TEST  HUMSER 

OATE  SSTTINO 

SPECIES 

MPH 

;3. 

SEEDS  PER  INCH 


AVERAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV, 

S  d.T  933 

_ L2:. _ 

6 

/■g3V.W  . ^NO.  or  ■/  PKRcaNT  or  tmc  timc 


■  9  ^/v^/ 

or  •ccoa  rcRCCNT  or  thc  timk 


SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

.J-g'2 _ 

7^ 

i’j  •  .<  yw 

7-J037J 

•  •T  WT  ftscos  WO  rr  -3  ^  sccos  sth  rr  5  •scos 

tND  rr  •  KKO«  rTM  r-T  1  ■tcoa  •tm  rr  .  •e«o« 

NO.  or  M  rKRCKNT  or  TMK  TIMS 

NO.  or  scco*  /7a?/V4  •0  rSRCENT  or  the  time 


TTM  r-r  ^  "i  eSEOS 

•TM  r-T  S  SEEDS 

#TM  rr  SEED* 

lOTM  rr  ~)^  SEEDS 


TEST  NUMSEP 

OATE  SETTINO 

SPECIES 

MPH 

/V 

SEEDS  PER  INCH 


AVERAOB 

t  333  3 

MAXIMUM 

MINIMUM 

o 

variance 

U-'iicZ 

STO.  OEV. 

3.  y  9  77  6 

V  ✓  MA.  nr  SEEDS  percent  or  the 

^.NO.  or  SEEDS  »o  percent  or  the 

SEEDS  PER  FOOT 

TIMS 

TIME 

AVERAOS 

TV.  3. 

MAXIMUM 

/<3  3 

MINIMUM 

VARIANCE 

STO.  OEV. 

lET  rr  SJ-  SEEDS  *AD  rr  laii .  SEEDS  STH  rr  VO  SEEDS 

tHO  rr  •••□•  rr^trTlOh  »»«o«  .TM  rr  _2 •••o« 

^MO.  or  SESOS^  M  PERCENT  Or  THE  T»ME 

/  r>r  RREPsy!^  an  rercent  or  THE  TIME 


TTM 

•TM 

•TH 

lOTH 


rrCiX—  .  SEEDS 
r-r^-3  _  SEEDS 
rr  9/0  SEEDS 
PT  SEEPS 
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(ilYJORD  SEEDER  DATA  AND  ANALYSIS 


0yjord  Seeder  Test  Results 


TEST  NUMBER 

1 

ROW  NUMBER 

SPECIES 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAGE 

MAXIMUM 

MINIM  UM 

VAR  lANCE 

STD.  DEV. 

1.6 

6 

j2 

/.  if 3. 

7-357 

•  O  /  wo.  OF  ftggp*  PERCENT  OF  THE  TIME 


^J«0.  OF  SEEDS  Pin  CENT  OF  THE  TIME 


TEST  NUMBER 

ROW  NUMBER 

SPECIES 

HOPPER 

SPINNER 

_ 3 

X 

e.p 

SEEDS  PER  INCH 


AVERAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD,  DEV. 

7 

2.199 

/  Vff3 

^NO.  OF  SEEDS 

OF  SEEDS  /iV-  P.PCCPT 


PERCENT  OF  THE  TIME 


OF  THE  TIME 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  DEV. 

2.).  <> 

51 

17.  67  2. 

W.  7».2- 

AVERAOE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  DEV. 

3‘3.(c 

3  V 

-l£. _ 

V.  4  7/93 

1ST  FT  3  ! 


IC-  I&ri  / 

H.  /■ 


SEEDS 

SEEDS 


SEEDS 

SEEDS 


»TH  FT  ^ 
•TM  FT  ^  ^ 


NO.  OF  PFFPS  yJ.!'  /  >0  PERCENT  OF  THE  TIME 

NO.  OF  RFFnii  PERCENT  OF  THE  TIME 


SEEDS 

SEEDS 


7TM  FT 

•TH  FT 

FTH  FT 
lOTM  FT 


AjL 

ji. 


SEEDS 

SEEDS 

SEEDS 
,  SEEDS 


1ST  FT  ^  8 
END  FT 


' SEEDS 

SEEDS 


.  SEEDS 
. SEEDS 


STH  FT  <2,.^ 

«TH  FT  ^  SI 


SEEDS 

EEOS 


NO.  OF  SEEDS  y3CSif,L«  „ 
KuilSS.  ^  NO,  OF  SEEDS 


ERCENT  OF  THE  TIME 


PERCENT  OF  THE  TIME 


7TH  FT 

■  TH  FT 

FTH  FT 
lOTH  FI 


1X_ 

JjL 

/  '7 


SEEDS 

SEEDS 

SEEDS 

SEEDS 


TEST  NUMBER 

.A 

ROW  NUMBER 

± 

SPECIES 

P.P 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAGE 

MAXIMUM 

M  INIMUM 

VARIANCE 

STD.  OBV. 

I.U3i 

_2 _ 

_^2 _ 

J.ll  3 

/-  30? 

“•  <?V-y  vS  y  HO.  OF  SEEDS  y  3.  y  133.0  PERCENT  OF  THE  TIME 

-.519775  y.o.  OF  SEEDS  ys-  iSt.iy.o  PERCENT  OF  THE  TIME 


TEST  NUMBER 

3 

ROW  NUMBER 

<2 

SPECIES 

P.P 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAOE 

67S 

MAXIMUM 

7 

MINIMUM 

o 

VARIANCE 

3.3110(3 

STD.  OEV. 

!.  T13g5 

.  ^NO.  OF  SEEDS  /‘/.HtSf.o  PERCENT  OF  THE  TIME 


*  •  ^6/  ^LhO.  OF  SEEDS  ./-V- 90  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

19.  io 

J.  4 

MINIMUM 

/  o 


VARIANCE 


STD.  DEV. 

V.  75*? 


SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VAR  lANCE 

3.9  9 

_ 

121 

3  C.  S9‘J 

S.  TA? 


1ST  FT  it>  -SEEDS 
tND  FT  JjL.  SEEDS 


/  ^  ...c 


SRD  FT  . 

4TM  FT 


STM  FT  i  7  _ 
STH  FT  ^ 


.  SEEDS 
. SEEDS 


I  3«  ‘^Lbl  /_HO.  OF  REEDS  /f?5-  ?3/5sO  PERCENT  OF  THE  TIME 
/  /  MO.  OF  SEEDS  ^7'  Ml  PERCENT  OF  THE  TIME 


7TH  FT 

STH  FT 
STH  FT 
lOTH  FT 


^  ^  -  8EEOB 

1ST  FT 

^  V  SEEDS 

IMO  FT  i  ^ 

j?  3  SEEDS 

ijr  3  SEEDS 

7<r.  Saiio  y 

Vi. 


iRD  FT  /  t  SEEDS 
4TH  FT  1.1  SEEDS 


.  2*? 


STM  FT 


SEEDS 

SEEDS 


r  }<3- 


NO.  OF  SEEDS 


/ihlesi 

iS 


PERCENT  OF  THE  TIME 

M  PERCENT  OF  THE  TIME 


STH  FT  , 
lOTM  FT  ^  ^ 


SEEDS 
.  SEEDS 
,  SEEDS 
SEEDS 


TEST  NUMBER 

ROW  NUMBER 

SPECIES 

PP 

HOPPER 

SPINNER 

SEEDS  PER  INC 

:h 

AVERAGE 

1.55 

MAXIMUM 

MINIMUM 

o 

VARIANCE 

/. 

/./9y 

»  ✓no.  of  seeds  PERCENT  OF  THE  TIME 

“»  Zj<0.  of  seeds  ✓3»5‘/VV3»  PERCENT  OF  THE  TIME 


TEST  NUMBER 

u 

ROW  NUMBER 

±. 

SPECIES 

P.P 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

3.9/44  7 

7  6 

o 

y.  /4  /<3  (= 

2.63927 

/•  3  6/  r.f*  ✓  NO-  OF  SEEDS  yi-jjm.  so  PERCENT  OF  THE  TIME 


/po-  OF  SEEDS  y  7*  ^  PERCENT  OF  THE  TIME 


y  MO.  OP  ...o.  P..C.NT  OP  TM.  TIM.  ...O. 

171. Mi_  .  ^  NO.  OF  SEEDS  y^-imoo  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


average 

MAXIMUM 

MINIMUM 

VAR  lANCE 

STD.  DEV. 

V7 

3  ^ 

79.9 -7  <7 

3.  9£>7 

1ST  FT  SE 

SNO  FT  JiL.  SE 


»RD  FT  SEEDS 

4TM  FT  V7  SEEDS 


riX 


^77 


.  SEEDS 
. SEEDS 


xr_ 


/  NO.  OF  SEEDS  y.SMm.0  PERCENT  OF  THE  TIME 
^  HO.  OF  SEEDS  PERCENT  OF  THE  TIME 


7TM  FT  >  •»  -  SEEDS 
^  ^  SEEDS 

V  SEEDS 


•TM  FT 

rrH  FT 
lOTM  FI 
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0yjord  Seeder  Test  Results 


I'Tial  or  mltom  ■•••oht  o»  thi  riMa 

-4Z  ^  ^0<o.  or  dlltliUm  rlMCSMT  or  TM*  TIMC 


raar  NUMaaH 

V 

now  NUMaBH 

t/- 

f.p 

liftman 

aniHHan 

SEEDS  PER  INCH 

AvaHAaa 

MAMIMUM 

IM 

MINIMUM 

_ Q 

VAMIAHCB 
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0yjord  Seeder  Test  Results 


TEST  NUMBER 

-  _ 

ROW  NUMBER 

J. 

SPECIES 

P.P. 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVCRAOC 

2 .  ns- 

MAXIMUM 

_ 

MINIMDM 

VARIANCE 

2. 

STO.  OCV. 

/. 

*  /  y  MO.  or  »t«o«  /^^ISC&7ta  rcRCCNT  or  thc  time 


or  sccos  rCRCBNT  or  THE  TIME 


TEST  NUMBER 

AT 

ROW  NUMBER 

/ 
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DP. 

HOPPER 

SEEDS  PER  INCH 

AVCRAOC 

MAXIMUM 

MINIMUM 

VAN  lANCC 

STO.  OCV. 

3.75- 

_ 2_ 

<5 
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m 

OF  Ft.ciNT  OF  THC  TIMC 
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r  or  THE  TIME 


SEEDS  PER  FOOT 


AVERAGE 

MAXIMUM 

MINIMUM 

VARIANCE 
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•  ST  rT  SEEDS 

END  FT  /  SEEDS 


SRO  FT  _L4_  SEEDS 
4TM  FT  22^*  SEOS 
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^  SEEDS 
FT.^  SEEDS 


^NO.  OF  SEEDS  M  PERCENT  OF  THE  TIME 

/^•Voar/  NO,  OF  SEEDS  yJS.lVS'.^  PERCENT  OF  THE  TIMC 


TTM  FT  .3i-  SCCOS 
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SOS  4TM  FT  2  7  S 


SCCOS  STM  FT 


•CCDS 
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3kJJM2.  NO. 

MO. 
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■TH  FT  SEEDS 
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I  PERCENT  OF  THC  TIME 
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TEST  NUMBER 

/V 
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/ 
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STO.  OCV. 
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IS 
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0yjord  Seeder  Test  Results 


TEST  NUMSCR 

/  ^ 

ROW  NUMBER 

cP. 

SPECIES 

PF _ 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVCRAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  OCV. 
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<D 

1.1  S.I 

•  imiL  ^NO.  OF  8CCOS  zrjMi  80  PCRCCNT  OF  THC  TIME 


OF  •ECOS  PERCENT  OF  THE  TIME 


TEST  NUMSCR 

i2t _ 

ROW  NUMBER 

_ 1 _ 

SPECIES 

O-F. 

HOPPER  1 

•PINNER 

SEEDS  PER  INCH 

AVCRADC 

3- 575 

MAXIMUM 

/  / 

MINIMUM 

VARIANCE 

•TO.  OCV. 

0^tSOC)l  /’^r. 


OF  SEEDS  PERCENT  OF  THC  TIME 

OF  SEEDS  an  PERCENT  OF  THC  TIME 


SEEDS  PER  FOOT 


SEEDS  PER  FOOT 


^L*  ^6^  7  ^  NO.  OF  SEEDS  / 

0'K.r4,6:L  /  NO.  OF  SEEDS 


>  PERCENT  OF  THE  TIMS 


FTH  FT 
lOTH 


SEEDS 

SEEDS 


M  PERCENT  OF  THC  TIME 


NO.  OF  SEEDS  PERCENT  OF  THE  TIMS 

^  NO.  OF  SEEDS  M  PERCENT  OF  THC  TIME 


FTH  I 
lOTM  I 


SEEDS 

SEEDS 


TEST  NUMBER 
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ROW  NUMBER 

/ 

•  PCCIES 

DP 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAGE 

MAXIMUM 

MINIMUM 

VAR  lANCC 

STD.  DEV. 
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JX 
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■%UAHX  ^NO,  OF  SEEDS  ^sdinL«'  PERCENT  OF  THC  TIME 
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STD.  DEV. 
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MINIMUM 
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STD.  OCV. 

9/ 

Sic. 

x7 
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^yjord  Seeder  Test  Results 


TEST  NUMSER 

_ _ 

ROW  NUMBER 

_ 5 _ 

SPECIES 

COL 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAOC 

‘7o:>.r 

MAXIMUM 

/f 

MINIMUM 

A 

VAHIANCC 

STD.  DEV. 

3.<r^ 

-**3  of  secos 7/^^  >a  perccnt  of  the  time 

3.  OF  SSEOS  PERCCNT  OF  THE  TIME 


TEST  NUMBER 

/ 

ROW  NUMBER 

1 

SPECIES 

LOL 

HOPPER 

Spinner 

SEEDS  PER  INCH 

AVERAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  DEV. 

/  3 

A  3/ -7 

H 

—•  ^ ■  ^WO.  OF  aCKDE  Z^a.0ii3^%a  PERCENT  OF  THE  TIME 


>7Zi^VVV 

OF  SEEDS  dTim«  PERCENT  OF  THE  TIME 


SEEDS  PER  FCX)T 


AVERAOC 


/O  g.3 


7^ 


VARIANCE 


1ST  FT 

INO 


7i_  .•  SEEDS 

-f4 
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d.'iOSl./L  NO,  OF  BKCOB  xJ/.gVf  •0  FCNCKMT  OF  TMK  TIMK 
MO.  OF  accoa  M  FCBCKNT  OF  TMC  TIMK 


BC  KOa 
•  KKOB 


.  SKCOB 


TTM  FT 
•TM  FT  SJL-  •  KKOB 
•TH  FT  .22-  •KCoa 
lOTM  FT  ,  13-  •  CKOB 


SEEDS  PER  FOOT 


MAKIMUM 

MINIMUM 

VANIANCC 

•  TO.  OCV. 

ga.V 

9? 

IOS.lg<B 

/c.3sy 

FT 

FT_Z^ 


BKCOB 

BCKOB 


•TM  FT  2±- 


■  ■COS 

•  CKOB 


•  TH  FT 

•  TM  FT 


76 

SJL 


•  CKOB 

•  CKOB 


HO.  OF  aKKOB  /tss%i  ••FKNCKNT  OF  TMK  TIMK 
^  NO.  OF  BCKOB  FKNCKNT  OF  THC  TIMK 


TTM  FT 

•  TM  FT 

•TM  FT 
irrM  FT 
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0yjord  Seeder  Test  Results 


TEST  NUMBER 

ROW  NUMBER 

SPECIES 

Gk  a>. 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVERAOC 

MAXIMUM 

MINIMUM 

VARIANCE 

STD,  DEV. 

L-  S'5-< 

/g 

—L 

‘7-  i  /8 

2./C/ 

i£Lno,  of  agcoa  an  pencENT  of  the  time 

/■JISAA^  .  ^_NO.  or  asEOB  dl-SiOL  >0  percent  or  the  time 


SEEDS  PER  FOOT 


AVCRAOE 

MAXIMUM 

M  INIMUM 

VAR lANCC 

STO.  oev 

III 

G/ 

li8.3‘/‘7 

H.C  3V 

•  •T  PT 
INO  PT 


AL. 


•  CEO* 

•  EKOa 


»RO  FT 

«TM  FT 


sccos 

Bceos 


sceos 

5CE09 


^  NO.  OF  BKCDB  10  PERCENT  OF  THE  TIME 

^  NO.  OF  BEBOB  90  PERCENT  OF  THE  TIME 


TTH  FT  /  SEEDS 

aTH  FT  .  «  SEEDS 

9TH  FT  /  ^  SEEOB 

lOTH  FI  7*^  SEEPS 


TEST  NUMBER 

_ 

ROW  NUMBER 

/ 

SPECIES 

G  F 

HOPPER 

SPINNER 

SEEDS  PER  INCH 

AVCRAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

'7.0-?'^ 

o 

3.1 09 

•  y  HO-  OF  eeeee  ZjLC>~il  ao  PERCENT  OF  THE  TIME 


OF  BEEPS  ZJ^  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVCRAOE 

MAXIMUM 

M  INIMUM 

VAR  lANCC 

STO.  OEV 

ILG.I 

no _ 

L2 

rw 

i^.9  3r 

•  BT  FT 

tNO  FT 


13 

iL 


SEEOB 

BEEDB 


SEEPS 

SEEPS 


SEEDS 

SEEDS 


^NO.  OF  BEEPS  ZlO%lil^  SO  PERCENT  OF  THE  TIME 
^  NO.  OF  BEEPS  PERCENT  OF  THE  TIME 


7TH  FT 

aTH  FT 

FTH  FT 
IBTH  FT 


!  iO.  -  SEEDS 
SEEDS 
.«o. 


TEST  NUMBER 

ROW  NUMBER 

SPECIES 

HOPPER 

SPINNER 

_ 

a 

F 

SEEDS  PER  INCH 


AVCRAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STD.  OEV. 

^•75- _ 

Jl 

o 

g./  Ty 

J-  i-y£, 

OF  SEEPS  .ao  PERCENT  OF  THE  TIME 

Jl  »  /no.  of  BEEDB  »0  PERCENT  OF  THE  TIME 


SEEDS  PER  FOOT 


AVERAOE 

MAXIMUM 

MINIMUM 

VARIANCE 

STO.  OEV. 

2/ 

lol 

_ 

9.  _ 

1ST  FT  SEEPS  SRD  FT  J£-  BEEPS  9TH  FT  M-  SEEDS 

SNO  FT  SEEPS  4TH  FT  OTH  FT  !(>/  SEEPS 

/  NO.  OF  SEEPS  90  PERCENT  OF  THE  TIME 

NO.  OF  SEEPS  PERCENT  OF  THE  TIME 


TTH 

OTH 

fTH 

lOTH 


FT 

FT 


FI 


12-  SCCOS 
SEEDS 
2J^  SEEPS 
-  ^  ^  SEEDS 
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appendix  h 


EVALUATION  OF  0YJORD  SEEDER 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE  ^  - 

FOREST  SERVICE  7  ^  ^ 

Lucky  Peak  Nursery 
C/o  Idaho  City  Stage 


Deceodier  18,  1975 


Jim  Lott  Project  Leader,  Missoula  Equipment  Develpement 
Center 


The  tree  seed  drill  testing  that  has  been  accomplished  to  date  really 
brings  us  to  two  (2)  seed  drills  that  show  any  prcmilse  for  future 
testing,  the  wind  River  and  Oyf^rd.  The  Ventura  and  the  Dahlman  have 
gone  by  because  ot  poor  design  resulting  In  uneven,  poor  distribution 
flow  and  damage  to  the  seed.  The  Stan  Hay,  as  described  by  you.  Is 
complicated  to  operate,  has  a  high  Intlal  purchase  price  and  has  ex¬ 
orbitant  maintenance  costs. 

To  date  then,  we  have  the  Wind  River  (Coeur  d'  Alene-Lucky  Peak 
conversion)  and  the  Oy^rd.  The  Wind  River  we  Jointly  tested  In 
June  and  found  that  it  would  throw  good  distribution  and  counts 
over  10  feet,  but  the  counts  for  each  Individual  foot  within  the 
10  feet  varied  greatly. 

The  Wind  River  Is  a  good  tree  seed  drill  and  has  been  maintenance 
free.  The  original  cost  was  $871.38  in  January  1960  and  it  would  be 
next  to  impossible  to  obtain  replacement  parts  or  build  a  new  similar 
drill  from  scratch.  During  the  week  of  Noveoiber  18-20  when  we  were 
Jointly  testing  the  Oy^rd,  we  at  Lucky  Peak  were  extremely  Impressed 
with  the  ease  of  operation.  Its  calibration  was  simple  and  quick,  and 
the  drill  was  the  best  I  have  worked  with  In  handling  small  seed  lots 
that  cover  5  to  20  lineal  feet  of  bed  space. 

I  would  encourage  more  work  on  seed  coxjnts  and  distribution.  I  also 
suggest  revisions  In  the  bed  former  and  trenching  for  the  seed  fall 
area  before  testing  further  at  Cd*A  or  Lucky  Peak,  as  both  nurseries 
cover  the  seed  with  sand. 

We  are  proud  to  be  a  part  of  the  tree  seed  drill  testing  project  and 
the  exposure  to  other  machines  has  made  us  appreciate  the  work  that 
goes  Into  such  an  undertaking. 

Keep  up  the  good  work  and  let  us  know  If  we  can  be  of  assistance 
during  the  winter,  before  you  return  for  next  springs  sowing  tests. 


Frank  E.  Morby 
NURSERYMAN 


wls 


UNITED  STATES  DLPARTMEN1  0^  AGRICULTURE 
FOREST  SERVICE 

INT-Bolse 

TsT  rT 

_  Rr/:'!VE0 


RfRtvro,  1631 


SuBjecT:  Norwelgen  Drill 


TO:  Richard  Hallman 


Attached  is  a  list  of  the  shrubs  and  forbs  we  planted  this  fall 
at  the  Lucky  Peak  Nursery  using  the  Norwelgen  Drill.  I  have 
also  mailed  a  number  of  seed  samples  of  the  various  species  which 
we  planted. 

The  drill  performed  very  well  and  I  was  Impressed  with  the  seeding 
mechanism,  and  the  uniform  seeding  rates  that  can  be  achieved 
with  this  machine.  With  minor  adjustments,  the  seeding  rates  of 
nearly  all  seeded  shrubs  and  forbs  was  easily  regulated. 


0  1975  Di 

M  E  0  C 


cember  19,  197S 


Missoula  Equip.  Develop.  Center 


The  only  problems  we  encountered j occur ed  when  trashy  samples  of  big 
sagebrush,  rubber  rabbitbrush.  Western  vlrglnsbower,  and  fourwing 
saltbruah  were  planted.  -  These  seeds  have  long  winged  appendages 
or  tails  which  stick  together  to  form  a  mass  of  material.  This  pre¬ 
vents  the  seeds  from  moving  uniformly  through  the  machine.  However, 
most  seeds  of  this  type  could  be  processed  through  a  small  chopper  or 
haumer  mill  to  break  up  the  Inert  materials  and  somewhat  reduce  this 
problem. 

It  is  obvious  the  machine  will  not  handle  seed  lots  that  contain  small 
sticks  or  extraneous  materials  that  are  3/4  inch  or  longer  in  length. 
Materials  of  this  type  catch  or  plug  in  the  planting  tubes.  However, 
the  machine  was  able  to  plant  long  seeds  Including  curlleaf  Mtn. 
mahogany  and  large  size  seeds  such  as  chokecherry.  Seeds  that  were 
larger  than  1/2  inch  in  diameter  or  one  inch  in  length  could  not  be 
planted. 

The  seeded  hopper  and  the  mechanism  which  regulates  seeding  rates 
operates  very  well  and  possesses  a  number  of  unique  features,  which 
could  be  Incorporated  In  other  seeders.  The  following  features  were 
of  special  Interest: 

1.  The  regulating  unit  which  controls  the  seeding  rates  can 
handle  a  wide  assortment  of  seeds  with  various  sizes  and  shapes.  With 
some  modifications,  the  seed  Cubes  and  openings  could  handle  larger  size 
seeds. 


2.  The  seed  hopper  or  turret  which  dispenses  the  seed  is  a  simple 
device,  which  could  be  used  on  ocher  seeders  particularly  in  regulating 
the  planting  of  seed  mixtures. 


3.  The  planting  unit  can  easily  control  seeding  rates,  even 
when  mixtures  are  planted.  Although  ocher  seeders  have  regulating 
devices,  Che  operation  of  this  drill  appears  to  function  much  better 
Chan  Che  other  machines  I  have  observed. 

4.  Small  test  plots  can  be  planted  with  this  machine.  We  were 
able  to  seed  approximately  100  separate  seed  sources  In  plots  ranging 
In  length  &rom  10*  to  20*  In  about  2  hours.  This  same  planting  would 
have  required  about  3-5  man  days  If  hand  planted. 

With  very  little  experience  we  were  able  to  regulate  the 
machine  to  plant  the  precise  footage  and  amount  of  seed  desired.  Also, 
the  seeder  does  not  require  cleaning  and  disassembly  to  remove  seeds 
chat  may  be  trapped  in  Che  machine.  This  is  frequently  a  problem  with 
other  machines  particularly  when  small  samples  are  planted  and  through 
mixing,  Individual  samples  could  be  contaminated.  The  seeder  is  self 
cleaning  and  any  seed  trapped  in  the  seed  hopper  Is  detectable  and  easily 
removed. 


Although  we  had  little  time  to  Inspect  the  drill,  the  unit  appears  to 
function  properly  and  seemed  to  be  structurally  sound. 


If  possible.  It  would  be  helpful  if  further  field  tests  could  be 
conducted  using  other  seed  samples.  We  will  be  making  field  counts  Co 
determine  plant  establishment,  frequency  or  distribution  and  density  of 
each  seeded  plot.  If  useful,  I  will  certainly  send  you  copies  of  this 
Information. 


v.i^T.If  available,  I  would  appreciate  receiving  any  Information  you  have  of 
‘  i  machine. 

*  Sincerely, 


T'EPto  S.  MONSEN 
.  Botanist 


-47- 


r 

♦ 


4  • 


»»w  ■•  ■*  li^  iiU#  *•♦•  —  ^  MsM  *?•( 

•4  Vl  4B  II  M  '  •  •  .  -t'  ^  -•***»«• 

IstJVM  aMt  «  M<*«  m  ■  llliinx  AM*  '  tlMaAMM  VP 

4W«  l»  *•>•«  «  »l  *4'**'  *•  «  Mm  •-  »IMM 

MMfifM  «l«»44>«*  *4*>  *  V*  M  M  M*  |<UMM  ^ 

kw  .  fcM*  ♦»  »  A4  •  4*4  X4|t«.,  «>„  Ml  -4  t»  CM*  «• 

•m  mm  *hmm  •<-  •>  >«m  tacia*  <•■ 

•At*  I  Mli_iuik««  tw  aam  Iam  u  a  Hi  a  ^ 

~  .cm*  %•  n  •  W  w  .MUAdb  ^*>**>4  mSH 


VA  mHam  »««*»»  I  n*  m-44  mm  m*  t»  I--  *•#)** 

>*«l  *«Hr  •*  HMMA-M*  m  •*■•  •*«  r^sCViA  MM*  ««  mmiff 

«*ll|  -.CM  M  «M*  IWt t 

v: 

■AMM4MA  V  •*  ak-  m  U  «M  »  *•*  4..  MC*  to*c  '-41  ^-4 
,l(»«*4  i«h~  ■  *AAt«*  'J**  aA  •«•'>**  m*  jM*!*  (lattlA  *M  c( 


■*1 


i' 


SPECIES  PLANTED  AT  IE  LUCKY  PEAK  NURSERY 
Nov.  13-lA,  1975 


Symbol 


Shrubs 

ACGL, 

B2-73 

acgl;: 

B3-74 

ACGL^ 

B6-7A  ■ 

ACMIL 

B2-73 

ALOC 

Bl-73 

AMAL 

B6-67 

AMAL 

B9-72 

AMAL 

BlO-74 

AMFR 

Bl-74 

AMUT 

B2-67 

*ARTR 

B3-59 

ARTR 

Ada-El- 

AKTRW 

more  Co. 
Bl-74 

ARUV 

B5-74 

ARUV 

B3-74 

ATCA 

B30-70 

ATCA 

B3-70 

ATCA 

RlO-67 

ATCA 

B32-69 

ATCA 

B31-73 

ATCA 

B4-69 

ATCA 

Bliss, 

ATCA 

Idaho 

B28-73 

ATCA 

B36-72 

ATCA 

B34-71 

ATCA 

B33-68 

ATCA 

B16-7A 

ATCA 

B25-74 

ATCA 

B38-74 

ATCA 

B37-74 

ATCA  • 

B35-72 

ATCA 

B39-74 

ATC' 

B29-74 

AT( 

B13-74 

ATCO 

B9-74 

ATCO 

B7-74 

*ATNUG 

Bl-74 

CAAL 

B4-74 

CAAL 

B2-70 

CEBE 

Bl-72 

CECU 

B5-71 

CEIN 

B2-72 

CEIN 

Bl-70 

CELE 

B8-74 

CELE 

B3-73 

CELE 

Redding, 

CEMA 

CAtiFoCftim 

Bl-64 

CEPR 

Bl-72 

CEPR 

B2-74 

CEPR 

B4-74 

CESA^ 

B5-74 

CEVE 

B7-71 

CEVE 

B3-74 

CEVE 

B2-74 

CEVE 

BlO-74 

CLLI 

B2-72 

COMES 

B5-69 

COST 

B6-74 

COST 

B5-72 

ELCO 

Bl-74 

EPVI 

B12-75 

EPVI 

B9-73 

EPVI 

Bll-75 

EPVI 

B  -70 

ERUM 

(Utah) 

B5-74 

FAPA 

Bl-75 

FAPA 

B5-74 

FRAN 

B4-69 

JUCO 

Bl-74 

LATA 

B4-71 

Scientific  Name 


Acer  glabrum  douglasll 

II  II  II 

M  11  II 

Achillea  millefolium  lanolosa 
Allencolfea  occldentalls 
Amelanchler  alnlfolla 

II 

II 

Amor^a  frutlcosa 

Artemisia  trldentata 
Artemisia  trldentata 

Artemisia  trldentata  Uyomlngensls 
Arctostaphylos  tlva-ursl 

It 

Artrlplex  canescens 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

Atrlplex  conf ertlfolla 

II  M 

Atrlplex  gardnerl 
CaraAa  arborescens 

II  ^  n 

Cercocarpus  betuloides 
Ceanothus  cuneatus 
Ceanothus  Integerrimus 
Ceanothus  Integerrimus 
Cercocarpus  ledlfollus 

II  M 

II  H 


Ceanothus 

Ceanothus 

II 


martlnll 

prostratus 


II 


II 


Ceanothus  sanguineus 
Ceanothus  velutlnus 

II  " 


II  " 

II  11 


Clematis  llgustlclfolla 
Cowanla  mexlcana  stanlsburlana 
Coinus  stolonlfera  stolonifera 

II  •  II  " 


Elaeagnus  commute ta 
Ephedra  vliidis 

n  Ji 
II  «i 
It  •< 


Erigonum  umbellatum 
Fall'vgla  paradoxa 

II  <• 

Fraxlnus  anomala 
Juniperus  communis  __ 
Lonlcera  tatarlcasratf^®*- 


Common  Name 


% 

Purity 


Douglas  Rocky  Mtn.  Maple 

II  II  II  ft 

II  M  It  11 

Western  yarrow 
Iodine  brush 
Saskatoon  servlceberry 

II 

Indlgobush  amorpha 

Big  Sagebrush 
Big  Sagebrush 

Big  Sage3rush 
Bearberry 

II 

Fourwlng  saltbvush 

II 


Shadscale 

II 

Gardner  Saltbmush 
Siberian  peashrub 

II  II 

Mahogany 

Wedgeleaf  ceanothus 
Deerbrush  ceanothus 
Deerbrush  ceanothus 
Curlleaf  mtn.  mahogany 

II  II  M 

II  II  !• 


Martin  ceanothus 
Squawcarpet  ceanothus 

II  II 

II  ■■ 

Redstem  ceanothus 
Snowbrush  ceanothus 

II  II 

II  11 

II  II 

Western  Vlrglnsbower 
Stansbury  cllffrose 
Redosler  POGcuooo 

II 

Sllverberry 
Green  ephedra 

II  II 

'  II  II 

II  11 


Sulfur  erlogonum 
Apache-plume 

Single-leaf  ash 
Mountain  common  Juniper 
Tatarlan  honeysuckle 


Length  Grams 

%  Planting  Seed 
Germ  Bed  (Ft)  Planted 


10.8" 

140 

10.0" 

90 

9.7" 

94 

18.8" 

30 

9.8" 

90 

9.6" 

74 

9.7" 

14.8" 

125 

14.5" 

75 

7.4" 

130 

10.4" 

50 

21.8" 

30 

10.4" 

130 

16.4" 

80 

10.8" 

100 

16.3" 

32 

13.4" 

47 

20.9" 

80 

20.0" 

85 

4.9" 

80 

5.6" 

80 

15.7" 

82 

15.2"  * 

47 

16.4" 

62 

15.7" 

52 

15.9" 

32 

15.9" 

52 

15.5" 

57 

15.4" 

67 

9.9" 

52 

9.2" 

47 

9.8" 

52 

23.9" 

245 

19.' 

145 

15.9" 

32 

11.0" 

60 

9.3" 

82 

10.5" 

125 

10.2" 

120 

18.4" 

130 

19.0" 

220 

20.9" 

125 

9.0" 

92 

17.3" 

100 

20.2" 

90 

20.0" 

160 

20.2" 

95 

20.3" 

135 

9.7" 

105 

10.0" 

140 

16.0" 

155 

18.3" 

90 

20.5" 

80 

11.3" 

70 

17.4" 

65 

19.7" 

75 

20.8" 

160 

20.3" 

258 

10.1" 

240 

25.0" 

410 

10.0" 

42 

9.8" 

92 

6.3" 

102 

19.8" 

160 

19.2" 

50 

9.6" 

30 

4.9" 

35 

15.5" 

42 

21.4" 

65 

20.4" 

115 
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SPECIES  PLANTED  AT  THE  LUCKY  PEAK  NURSERY 
NOVEMBER  13—14,  1975  (continued) 


Symbol 

Scientific  Name 

*MAAQ 

Bl-71 

Mahonla  aqulfollum 

PERA 

Bl-67 

Peraphyllum  ramoslsslmum 

*PE?RS 

B8-71 

Penstemon  frutlc^us 

PESPP 

B7 

Penstemon  species 

PRAN 

B4-7A 

Prunus  andersonll 

PRDE 

B3-74 

Pcunus  demissa 

PREM 

B2-73 

Prunus  emarglnata 

PRVIM 

B1A-7A 

Prunus  Virginians  jnelanocarpa 

PRVIM 

B15-70 

Prunus  vlrginiana 

PRVID 

B2-7A 

Prunus  Virginians  demissa 

PUGL 

BA-69 

Pulshla  gladulosa 

PUGL 

B  -62 

II  II 

PUTR 

B32-72 

Purshia  tridentatA 

PUTR 

B35-7A 

II  II 

PUTR 

Willow 

Gr.  ID 

It  M 

PUTR 

B37-7A 

II  II 

PUTR 

BA-67 

II  II 

PUTR 

B19-70 

II  II 

PUTR 

Reynolds 
Gr,  ID 

II  II 

RHGIC 

Bl-68 

Rhus  glabra  clsmontana 

RHTRT 

Bl-67 

Rhus  trllobata  crrlobata 

RHTRT 

B7-7A 

II  II  II 

RIAU 

B6-69 

Rlbes  aureum 

RIAU 

B7-69 

M  II 

ROPR 

Judith  Basin,  fbs<9 

Montana 

ROWO 

B16-73 

Rosa  woodsll  ultramontana 

ROWO 

B18-7A 

II  II  II 

ROWO 

B15-73 

II  M  II 

SAGE 

B18-7A 

Sambucus  cerulea 

SaCE 

B19-7A 

II  II 

SAGE 

Banks 

II  II 

SHAR 

BA-7A 

Shepherdla  argentea 

SOSG 

B6-7A 

Sorbus  scopullna 

SOSG 

B8-7A 

II  II 

SYALP 

B2-7A 

Syraphorlcarpos  albus  pauciflorus 

SYOG 

Bl-75 

Symphoricarpos  occidentalis 

SYOR 

Bll-73 

Symphoricarpos  oreophilus  utahensis 

Common  Name 

% 

Purity 

Length 

%  Planting 

Germ  Bed  (Ft) 

Grams 

Seed 

Plantec 

Bear  berry 

21.9" 

500 

Squaw-apple 

20.6" 

210 

Bush  penstemon 

17.1" 

lAO 

10.0" 

20 

Anderson  peachbrush 

2A.2" 

122 

15.2" 

A65 

Blttercherry 

5. A" 

90 

Black  common  chokecherry 

16.0" 

305 

Black  common  chokecherry 

15.0" 

360 

Western  common  chokecherry 

19.3" 

500 

Desert  bitterbrush 

9.8" 

52 

II  II 

12.0" 

A2 

Antelope  bitterbrush 

20.1" 

290 

II  II 

20.2" 

200 

II  II 

20. A" 

250 

II  11 

9.9" 

37 

II  it 

19.7" 

62 

II  II 

20.5" 

170 

II  II 

20.3" 

250 

Rocky  Mountain  smooth  suipac 

19.6" 

125 

Skunkbrush  sumac 

22.3" 

195 

II  II 

20.1" 

210 

Golden  currant 

20.5" 

AO 

II  II 

19.5" 

50 

16.1" 

160 

Woods  Rose 

12.8" 

AA 

II  II 

19.6" 

135 

II  II 

20.0" 

190 

Blueberry  elder 

19.6" 

137 

II  II 

19.7" 

80 

11  II 

20.8" 

128 

Silver  buffaloberry 

21.0" 

100 

Greenes  mountain  ash 

20.9" 

92 

II  II  II 

20.2" 

110 

Dwarf  common  snowberry 

20.2" 

102 

Western  snowberry 

20.1" 

152 

UTWH  " 

20.0" 

1A2 

Forbs 

C.\C£P 

Cicer  mllkvetch 

ASCI 

B8-65 

Astragalus  SUtarlus^ 

AS  FA 

B3-68 

Astragalus  falcatus 

Slcklepod  mllkvetch 

ASGA 

B3-73 

Astragalus  galegiformis 

Crownvetch  coronllla 

CORVA 

Bl-68 

Coronllla  varla 

LILE 

B3-7A 

Linum  lewlsll 

Lewis  flax 

POGIG 

B1-7A 

Potentllla  gladulosa  gladulosa 

Gland  cinquefoil 

20. A" 

65 

20.8" 

60 

19.1" 

180 

20.9" 

120 

19.5" 

30 

19.2" 

25 
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